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two goniatlites, which indicate a Sakmarlan
age.

Notable features of the Woclaga Creek sec-
tion include: the abundance of thin, lenti-
cular beds of limestone in the Holmwood Shale;
the presence of a marlne fauna in the basal

part of the Hlgh Cliff Sandstone; well-devel-

Introduetion
The Woolaga Creek area, as mapped in de-
tail by the author, comprises approximately 20
square miles and is situated 200 miles north of

oped slumplng in the Irwin River Coal o ; :
Measures; conspicuous sandy intercalations g.erthl)“nd 12 miles . eas.t of M"?gen‘?“’ (see
within the Carynginia Formation; a single plant 1g. . The area lies in the Victoria Sub-

fossil locality in the Wagina Sandstone; and
the sporadic recurrence of erratic boulders in
all the formations overlying the Nangetty
Formation, with the excepiion of the Wagina
Sandstone. The Fossil Cliff Formation and the
Beckett Member, well-known in the Irwin River
section, are not represented at Woolaga Creek.
The Irwin River Coal Measures and the Wagina
Sandstone are conslderably thicker than in the
type area. The strata are believed to be of
Sakmarian and Artinskian age. They record
a sequence of marine and non-marine environ-
ments, including two dlstinet periods of barred
basin deposition.

The sediments are on the down-thrown,
western side of the Darling Fault, the major
structural feature of the area. A gentle east-
erly tilt characterizes the strata, except in the
vicinity of the Darling Fault, where they are
deformed synclinally against the Archaean
metamorphic complex. The Darling Fault an-
pears to have a vertical or near-vertical dip.
Small, usually antithetic, gravity faults are
common within the Permian strata.

The lateritic surface of the flat-topped hills
and tablelands in the area is representative
of the once centinuous. but now extensively
dissected Victoria Plateau.

division of the South-West Land Division of
Western Australia. It is situated within the
following limits of latitude and longitude:—
lat. 28° 09 S. and 29° 15 S., long. 115° 36" E,.
and 115° 43 E.

The Permian sediments of the Mingenew dis-
trict have been the object of geological investi-
gation and interest since the middle of the
last century. Most of this work, however, was
confined to the classical exposures in the Irwin
River area, largely because of the economic
possibilities of the Irwin River Coal Measures.
The southern or Woolaga Creek area has been
comparatively neglected and previously pub-
lished work on this area is only on a broad
lreconnaissance scale.

The present investigation was undertaken to
examine in detail the Permian stratigraphy of
the Woolaga Creek area and to correlate the
strata, as far as possible, with the well-known
sequence in the Irwin River area, 18 miles
to the north. The environment of deposition of
the sediments has been studied as an integral

Contents part of the investigation.

Page In all, ten weeks were spent in the field,

Introduction 7 during which time the detailed mapping of the
Previous Investigations 9 area was carried out and all outcrops were
Physiography g visited and examined. Palaeontological and
General Geology 10 litholegical material was collected for subse-
Introduction 10 quent laboratory examination. The detailed
Archaean .. 11 petrography is included in the author’s thesis
Permian .. 11 from which this paper was compiled; this thesis
Epi-Permian 13 is in the library of the Department of Geology,

University of Western Australia.

Vertical air photographs, supplied by the De-
partment of Lands and Surveys, Perth, were
used in the field mapping, together with the

*Department of Geology, University of Western Aus-
tralla, Nedlands, Western Australla. Present ad-
dress: Sedgwick Museum, University of Cambridge,
England.
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Fig. 1.—Locality Map.

Pintharuka one-mile-to-the-inch Army sheet.
Information was cobhtained alsc from the maps
of Campbell (1910) and Johnson, de la Hunty
and Gleeson (1954).

The Army map was photographically en-
larged approximately to air photograph scale
and transferred to “Kodatrace” for use in the
field. This was not satisfacfory for a final
geological map because many of the topographic
features on the Army map had not been accu-
rately positioned. Therefore, it was found
necessary to redraft the base for the geological
map of the area from the air photographs, laid
out under satisfactory control. The Army grid

was imposed on the geological map (Map 1)
and all localities cited in the text are referred
to this grid. Under this system the first three
figures of the grid reference represent eastings,
and the last three figures represent northings.
For example, Red Hill has an east-west read-
ing of 64.7 and a north-south reading of 83.8.
Its grid reference is then given as (647838). A
geological interpretation map (Map 2) and cross
section (Fig. 3) were compiled on the basis of
the geological map.

A tacheometer and staff were used in the
detailed measurement of the Woolaga Creek
stratigraphic section. -



Previous Investigations

Reviews of previous geclogical investigations
in the Mingenew district have been given in
recent publications, notably in Clarke, Prender-
gast, Teichert and Fairbridge (1951), in John-
son et al. (1954), and in McWhae, Playford,
Lindner, Glenister and Balme (1958). The fol-
lowing discussion on previous work will be con-
fined to those papers having obvious application,
or containing specific reference, to the area
under consideration.

The work of Campbell (1910) was an
outstanding contribution to the knowledge
of the geology of Western Australia. As
an Assistant Geologist with the Geologi-
cal Survey of Western Australia, Camp-
bell mapped a total area of 4,500 square miles,
paying particular attention to the distribution
and stratigraphy of the “Carboniferous and
Peimo-Carboniferous” rocks; many of his con-
clusions are still accepted and with considerable
respect. For example, he was the first to recog-
nize the glacial sequence in the area. The geolo-
gical map compiled by Campbell embraces the
Woolaga Creek area, although most of his refer-
ences in the text are to the Irwin River section,
because of its possible economic potential. How-
ever, he notes the presence of ‘“carbonaceous
seams”’ on Woolaga Creek, and his map shows
two outcrops of erratic boulders to the east of
the area mapped by the present author.

Woolnough and Somerville (1924) were con-
cerned mainlty with the valley of the Irwin River,
and referred only briefly toc the Woolaga Creek
area. They suggested a probable correlation
between the Woolaga Creek “bituminous seams”
mapped by Campbell (1910) and the well-known
coal seams on the North Irwin River. The
“Main Glacial Horizon” was traced by these
authors more or less continuously from the
Irwin Valley tc a point about 3 miles south-
west of Mt. Budd.

A comprehensive review of the Permian
stratigraphy of the Irwin River area is con-
tained in the 1951 paper of Clarke and his co-
authors. The struetural hypothesis presented
in this paper was based largely on air photo-
graph studies by Fairbridge. Large-scale step
faulting was considered the major structural
pattern, as opposed to the old anticlinal hypo-
thesis. Although containing only a brief refer-
ence to the Woolaga Creek locality, the im-
portance of this publication to the present
author is that it represents the first concise
account of the Irwin River succession, with
which a correlation of the southern section will
necessarily be attempted.

In May, 1950, a party of senior students from
the University of Western Australia carried out
some plane table geological mapping at Woolaga
Creek, under the direction of Dr. R. W. Fair-
bridge. This was not a detailed survey, and
the most significant observations are to be found
in Fairbridge (1952}.

Two species of Permian ammonoids, Meta-
legoceras campbelli and Uraloceras irwinense,
from the Holmwood Shale of the Mingenew
district were described by Teichert and Glenis-
ter (1952), who recognized their Sakmarian af-
finities. The type locality was in the Irwin

River area, but the authors stated that the
two species were also found in a limestone band
“in the southern part of the Irwin Basin south
of the Lockier River,” i.e. in the Woolaga Creek
area. Their geological map shows the outerop
of the band in this locality.

In 1949, W. Johnson, L. E. de la Hunty and
J. S. Gleeson, of the Geological Survey of West-
ern Australia, mapped an area of 1,950 square
miles, mainly by reconnaissance mniethods, in
the Yandanocka, Mingenew and FEradu dis-
triets; the Woolaga Creek area was included
in the survey. Their work was published in
1954, The object of this investigation was to
determine the economic value of the Permian
coal seams. Sufficient evidence was put for-
ward in the publication to negate the com-
mercial possibilities of this coal. Johnson et al.
(1954) modified the rock unit nomenclature of
the Permian succession proposed by Clarke and
his co-authors and favoured a hroad anticline
as the overall structural feature, with accom-
panying modification by faulting. Theirs was
the first attempt to trace the established forma-
tions of the Irwin River section into the little-
known southern section at Woolaga Creek. A
notable discovery was the marine fauna in the
basal part of the High Cliff Sandstone at
Woolaga Creek. Of necessity, their survey was
on a regional scale, but they recognized the
desirability of a more detailed study of the
Woolaga Creek area in light of the excellent
exposures in the locality and the probability
of so gaining a more complete picture of the
Permian succession in the Irwin River district.
As outlined above, that is precisely the aim of
the present investigation.

The most recent work in the Mingenew dis-
triet, prior to that undertaken by the present
author, was carried out by geologists of West
Australian Petroleum Pty. Ltd., as part of a
comprehensive, semi-detailed survey of the
Perth Basin. Their work on the Permian sedi-
ments is suminarized by P. E. Playford and S.
P. Willmott in McWhae et ql. (1958). The
nomenclature of Playford and Willmott modifies
slightly that of Clarke et «l. (1951) and is fol-
lowed in this paper.

Physiography
The Woolaga Creek area consists of sharply
defined flat-topped uplands rising abruptly fromn
broad sweeping lowlands, drained by narrow in-
termittent watercourses.

The flat-topped landforms of the area are
characteristic of the northern part of the Perth
Basin, and represent remnants of a once con-
tinuous plateau, the Victoria Plateau of John-
son et al. (1954), These uplands owe their
preservation to the existence of a protective
capping of duricrust, developed on the softer
Permian strata and associated with the old Vie-
toria Plateau; the transition of the larger ex-
panses of the plateau to mesas and ultimately
to buttes represents successive stages in ecir-
cumdenudation. The highest hills in the area
stndied are Mt. Budd (598858} and Beere Hill
(634856}, at respective heights above sea level
of 930 feet and 934 feet. Mt. Budd (Plate 1,
1) is a butte, whereas Beere Hill is a mesa. The



perfect example of a butte in its ultimate form
is Red Hill (647838), a symmetrical cone-shaped
hill (see Plate 1, 3).

The soft sediments of the Holmwood Shale
underlie the western part of the Woolaga Creek
area. Being highly susceptible to erosion these
sediments give rise to a gently undulating low-
land topography. Farther east, however, the
greater durability of succeeding rock units re-
sults in a somewhat more rugged terrain, in-
cluding relatively numerous and extensive fiat-
topped remnants of the Victoria Plateau. The
cuesta in the vicinity of (632826) is a graphic
illustration of the abrupt stratigraphic change
from soft to generally more resistant rock
types. This prominent feature, upon which is
the site of the old “Glendevon’” homestead, is
composed of High Cliff Sandstone, which suc-
ceeds directly the soft Holmwood Shale.

Most of the area studied is drained by
Woolaga Creek, a tributary of Green Brook,
which in turn flows into the Lockier River.
Ebano Creek passes through the north-eastern
part of the area and is a tributary of the up-
per Lockier River. Several lesser streams em-
gnate from the long line of breakaways in the
south-western part of the area and find their
way eventually into Green Brook. All of the
streams in the area are dry for most of the
year, flowing for a short time only after heavy
falls of rain. Woolaga and Ebanc Creeks and
their tributaries provide fine exposures of the
Permian strata in which they are incised.

The lower part of Woolaga Creek flows to-
ward the south-west, perpendicular to the strike
of the underlying sediments. Higher in its
course, however, there is an abrupt change in
direction so that upper Woolaga Creek has a
subsequent character, flowing parallel to the
strike direction.

In its upper reaches, Woolaga Creek receives
several tributaries flowing from the east and
traversing the Darling Fault high in their
courses. One of these, entering the main creek
at (655821), is of particular interest. In the
upper part of its course this stream has cut a
fairly deep, V-shaped gorge in the Precambrian
terrain and has a moderate grade. To the
west, on crossing the Darling Fault, the stream
exhibits an immediate and striking change in
character. It begins to meander freely and at-
tains a notably lower gradient. This pro-
nounced change in stream character, which is
well-shown by the air photographs, can bc re-
lated directly to a similar change in the nature
of the underlying rocks—from the highly re-
sistant Precambrian metamorphic complex on
the east to the soft abutting sediments of the
Permian Carynginia Formation on the west
side of the Darling Fault.

In contrast to Woolaga Creek, the lower and
upper parts of Ebano Creek are respectively
parallel and transverse to the strike of the
Permian strata. The change in direction of
Ebano Creek occurs stratigraphically just be-
low the boundary between the Wagina Sand-
stone and the softer, underlying Carynginia
Formation. The suddenly acquired subsequent
character of the creek appears to be, therefore,
the direct result of the equally sudden change
in the durability of the strata. Ebano Creek

does not change significantly in character on
passing westwards over the Darling Fault. This
is because the resistance to erosion of the mas-
sive Wagina Sandstone, which is truncated
by the Darling Fault in this vicinity, does not
differ markedly from that of the adjacent
Archaean rocks,

Johnson et al. (1954, p. 33) considered it pro-
bable that river capture had occurred between
Woolaga and Ebano Creeks. However, there
is no geomorphological evidence in the area to
support this suggestion. The relatively high-
level, undissected strip of country separating
upper Woolaga Creek from lower Ebano Creek
could scarcely be considered the site of a former
gorge or water gap; this would necessarily be
the situation if the two watercourses were once
connected. .

Water supply is a problem for many farming
properties in the Woolaga Creek area, and there
is a continual search for supplies of potable or
even semi-potable ground water. The position
is generally worse in the western lowlands,
underlain mainly by the impervious, saline
Holmwood Shale. Four unsuccessful bores were
drilled recently in the western part of the area.
Three of the bores, at (635824), (638821) and
(654805), penetrated High CIliffi Sandstone be-
fore passing into Holmwood Shale in which
they were abandoned. The other bore, sited
at (629823), penetrated Holmwood Shale for
its entire depth. However, there are some wells
in the western lowlands that yield good supplies
of useful water. None of these penetrates the
Holmwood Shale and they are generally located
on the higher slopes of the lowlands. For
example, at (620845) and at (636827), good
supplies of excellent stock water are obtained
from sandstones stratigraphically higher than
the Holmwood Shale. Also, at “Milford” home-
stead in the south-western part of the area,
abundant water for stock and domestic pur-
poses is obtained from a well penetrating fine
vellow sandstone of the Nangetty Formation,
which is stratigraphically below the Holmwood
Shale. Ebano Spring (640861) provides the
best supply of ground water, both quantita-
tively and qualitatively, in the whole of the
area, The water in this instance is derived
from the Wagina Sandstone, the uppermost
unit of the Permian succession.

General Geology
Introduction

In Western Australia the Permian System is
developed in the Perth Basin, the Collie, Muja
and Wilga Basins, the Carnarvon Basin, the
Canning Basin and probably also in the
Bonaparte Gulf Basin. Permian sediments are
known from the Perth Basin only in its northern
part, where the thickest and most continuous
sequence occurs in the Mingenew district.

The Darling Fault is the ocutstanding structural
feature of West Australian geology. McWhae
et al. (1958) state that it extends meridionally
for approximately 600 miles from the south
coast to near the south end of the Carrandibby
Range. On geophysical evidence, Thyer and
Everingham (1956) considered that the Darling
Fault has “a maximum throw of perhaps 30,000
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feet or more.” It represents the well-defined
eastern boundary of the Perth Basin, marking
generally the junction between the sediments
and the Archaean rocks. Thus, from the vicinity
of Arrino, through the Mingenew district to as
far north as Mullewa, the Permian sediments are
bounded on their eastern margin by the Darling
Fault. The West Australian Precambrian Shield
extends eastward from the fault line to form the
Darling Plateau.

In the Woolaga Creek and Irwin River areas,
the relationship of the Permian to the underlying
rocks is not visible. However, to the south, in
the Yandanooka area, the basal part of the
Permian succession overlies unconformably the
Yandanooka Group of Proterozoic or early
Palaeozoic age. Where Permian rocks overlie
the Archaean complex directly, Johnson et al.
(1954, p. 42) have noted that the actual contact
is always obscured by alluvium.

Archaean

The stable erystalline complex, which abuts the
Permian sediments along the Darling Fault, is
composed of high-grade metamorphic rocks of
Archaean age.

The north-north-westerly trending Yandan-
ooka Hills, several miles south-west of the area
studied, are composed of Archaean metamorphics.
This prominent structural feature was termed
the Mullingarra Axis by Woolnough and Somer-
ville (1924). Archaean rocks also crop out in
the Brockman Hills, some 5 miles west of Mt.
Budd, immediately north of the Mingenew-
Morawa road; as stated by Woolnough and
Somerville, this small Archaean inlier represents
a northerly continuation of the Mullingarra Axis.

Between the Darling Fault and the Archaean
Mullingarra Axis, later sediments obscure the
down-thrown basement. Thus, in the Woolaga
Creek area, Archaean rocks are presumed to
underlie the Permian strata at considerable
depth,

Beyond the Darling Fault, adjacent to the
area studied, the outcrop on the Archaean terrain
is generally poor, and there is widespread de-
velopment of laterite. The major rock types
observed were granitic gneisses and hornblende
gneisses cut by quartz-feldspar pegmatites and
dolerite dykes. The foliation of the gneisses dips
steeply, generally to the west, with an average
strike of 140°. 'This conforms closely to the
usual north-west tectonic trend of the Central
Province of Prider (1952), who considered that
the Archaean rocks of this province had been
isoclinally folded on north-westerly trending
lines. Reliable lineation data could not be
obtained; the few readings taken indicated a
wide variability.

The fault contact between the Permian strata
and the Archaean metamorphics is rarely exposed
* in the area, although the air photographs display
the Darling Fault strikingly as a pronounced
north-north-westerly trending line, It is an
example of a major geological structure, the
nature and extent of which is clearly evident
when viewed from the air, but which is not
immediately perceptible when inspected at close
guarters., From an examination of the air
photographs supplemented by field observations,
it is apparent that a number of factors have been

effective, both individually and collectively, in
accentuating the line of the Darling Fault on
this large scale. The following is a brief account
of these factors;—

(1) Two tributaries of upper Ebano Creek
have excavated the fault line in the north-
eastern part of the area.

(i) A marked change in the character of
streams traversing the Darling Fault is apparent
in one locality; this has been described under
Physiography.

(1ii) Several tracks formed by both human
and animal agencies follow parts of the Darling
Fault line. The most striking of these is a
vehicular track which extends south from the
Mingenew-Morawa road, half a mile east of
Ebano Spring, closely following the fault line
for two miles.

(iv) A prominent escarpment marks the Darl-
ing Fault in the vicinity of (664833). This
feature, which may be classed as a resequent
fault line scarp (Cotton 1945, p. 178), has resulted
from the preferential erosion of the soft
Carynginia Formation adjacent to the Archaean
metamorphics,

The Wagina Sandstone, stratigraphically above
the Carynginia Formation, offers more resistance
to erosion. Consequently, farther north, where
this sandstone formation abuts the Archaean
complex, no such escarpment has developed,
although here other factors serve to emphasize
the fault line,

(v) In some places, the Darling Fault line is
marked on the air photographs by a thin, white
line, other than a track., When examined on
the ground this is generally found to be a narrow
zone of steeply dipping Permian strata, im-
mediately adjacent to the fault. At one locality
(679799), the fault line is marked by a low ridge
of travertine, which is about 15 yvards wide.

(vi) Plant distribution accentuates the trace
of the Darling Fault in many places. The line
of the fault itself generally supports a prolific
growth of shrubs and trees, which is particularly
noticeable in areas of sparse vegetation. In
such areas, the Darling Fault is displayed on the
air photographs as a dark, narrow line of timber,
surrounded on either side by areas of scattered
vegetation. Also, the composition and density
of the flora often differ notably on either side
of the fault line.

(vi) Abrupt changes in scil type on passing
from one side of the Darling Fault to the other,
are usually shown by the air photographs as
subtle, but equally abrupt variations in “tone”,
This is, of course, restricted to localities of
subdued topography where the soils are mainly
resiéiual over the Permian and adjacent Archaean
rocks.

For edaphic reasons, factors (vi) and (vii) are
closely inter-related, the one augmenting the
other.

Permian

The Woolaga Creek and Irwin River areas
provide the two best sections of Permian strata
in the Perth Basin. Elsewhere in the basin,
Permian rocks are known from bores and pocor
surface exposures in the Yuna-Eradu district,
where they are largely covered by horizontal
Jurassic sediments. The basal unit of the
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Permian succession, the Nangetty Formation,
is found overlying the Proterozoic or early
Palaeozoic Yandanooka Group as far south as
Three Springs.

The present author has been able to confirm
the presence in the Woolaga Creek area of a

WOOLAGA CREEK

WAGIMA SANDSTONE 796"+

CARYNGINIA FORMAT!OK 844/

IRWIN RIVER COAL MEASURES
404/

§ HIGH CLIFF SANDSTONE 102/
HOLMWOOD SHALE 435/+
Thickness
unknown
A
NANGETTY FORMATION
A H-
LECEND VERTICAL
SCALE
()
Sandstane
I 200
iy q
L Siftstone .doo
T ] Sshole Iwo
A Al Tinite |
| I . 'I,OOO
]Ill[l Limestone Feet
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stratigraphic sequence which is essentially
similar {o that developed in the well-known
Irwin River section (see Fig. 2). A notable
difference between the two sections is the absence
of the Fossil Cliff Formation in the Woolaga
Creek area; this formation is a well-known unit

IRWIN RIVER
Y18 MILES—————>"

WAGINA SAKDSTONE 300+

CARYNGINIA FORMATION 800

IRWIN RIVER COAL MEASURES 217/

HIGH CLIFF SANDSTONE 797
FOSSIL CLIFF FORMATION 86/

Q00MHWT0H ——3

3IVHS

BECKETT MEMBER 130"

-
g— 028"

NANGETTY FORMATION 1SOO+

G.P. 1858

Fig. 2.—Columnar stratigraphic sections of the Permian System as developed in the Woolaga Creek and Irwin

River areas.

The Woolaga Creek section was measured in detail by the present author.

The Irwin River section

is based on thicknesses given by Clarke ef al. (1951) and by McWhae et al. (1958).
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of the Irwin River section. Also, the Beckett
Member, which contains the large goniatite
Metalegoceras jacksoni in the Irwin River area,
does not crop out in the area under consideration.
Both the Irwin River Coal Measures and the
Wagina Sandstone attain considerably greater
thicknesses at Woolaga Creek than in the type
area. A new unit, the Woolaga Limestone
Member of the Holmwood Shale, is proposed
formally in this paper.

In summary, the Permian succession of the
Woolaga Creek area (from top to bottom) is as
follows:—

(6) Wagina Sandstone: Massively bedded,
white and occasionally red sandstone
and rare conglomerate, with plant-
bearing intercalations of siltstone and
shale near the top.

Thickness: 796 feet (plus).

Carynginia Formation: Predominantly
grey and black jarositic siltstone, with
interhedded yellow, reddish-brown and
white sandstones and siltstones;
“dumped” erratic houlders occur at the
hase.

(5)

Thickness: 844 feef.

Irwin River Coal Measures: Interbedded
very fine to coarse-grained sandsiones,
siltstones, and claystones containing
abundant plant fossils. )

Thickness: 404 feet.

(3) High Cliff Sandstone: Massively bedded
white sandstone and rare conglomerate,
In the basal part, marine fossils occur
in lenses of red-brown ferruginous
sandstone,

4)

Thickness: 102 feet.

Holmwood Shale: Grey clayey siltstone
containing abundant jarosite and gyp-
sum, with thin, lenticular beds of lime-
stone. The Woolaga Limestone Member
contains a rich marine fauna, whereas
the other limestone beds are sparsely
fossiliferous.

Thickness: 435 feet (plus).

Nangetty Formation: Yellow siltstone
and fine-grained silty sandstone, often
containing pebbles, cobbles and boulders
of gneiss, quartzite, chert and dolerite.

Thickness: Indeterminahle.

The strata are believed to fall entirely within
the Sakmarian and Artinskian Stages of the
Permian System.

(2)

(L)

Epi-Permian

Superficial deposits overlie the Permian strata
in many parts of the Woolaga Creek area. They
occur on both lowlands and uplands and rarely
attain a thickness exceeding 35 feet. The age
of these deposits, apart from being obviously
posi-Permian, is not known,

(i) Victoria Plateau Beds.—These rocks were
originally termed the “Plateau Beds” by Wool-
nough and Somerville (1924) and were later
referred to as the Victoria Plateau Beds by
Fairbridge (1952) and Johnson et al. (1954).

The Victoria Plateau Beds have only minor
and restricted occurrence in the Woolaga Creek
area. Lithologically, they are not unlike the
Wagina Sandstone, and consist of massively
beddzd, medium-grained, white sandstone, which
is sometimes mottled red. The beds are ap-
parently horizontal and rest unconformahly on
the Permian strata. They are affected by
lateritization. Outcrops of the Viciorian Plateau
Beds are to be seen at various places high on
the peripheral breakaways of a large tableland in
the north-western part of the area. Typical
outcrops occur at (604872), (613866), (6188657,
and (606866).

The age of the Victoria Plateau Beds has
always keen conjectural owing to tlie apparent
absence of fossils, and various authors have
considered them to be of either Jurassic or
Tertiary age.

(il) Duricrust and Sand-Plain.—'The surface
of the Victoria Plateau is marked by a hard,
horizontal capping of duricrust, frequently over-
lain by sand, on the flat-topped hills and table-
lands in the area. This resistant surface gives
rise to the familiar breakaway topography, and
its veneer of quartz sand supports the usual low
sand-plain scrub. The duricrust is mainly
lateritic, but in several localities a highly siliceous
variety (“billy’’) is developed. The process of
laterization has caused a general hardening,
leaching and colour mottling of the underlying
Permian strata to a depth of 30 feet or more
below the upper ferruginous, concretionary zone.

(iil) Travertine—Travertine (or caliche) has
been chserved as a sporadically developad suirface
cappinz on both the Permian and Archaean
terrains, around the upperniost reaches of
Woolaga Creek. An extensive outcrop occurs in
the vicinity of (668809) where large, horizontally
disposed slabs of this white, lime-rich rock are
exposed along the banks and in the bed of
Woolaga Creek. The ridge of travertine, crop-
ping out along the Darling Fault line at (679799),
has been noted above. On the Darling Plateau.
about three miles east of Ebano Spring, there
is another large outcrep of travertine, forming
a low bouldery mound, 200 yards south of the
Mingenew-Morawa toad.

(iv) Consolidated Alluvium.—Superficial de-
posits of reddish, ill-sorted conglomerates and
coarse-grained sandstones are exposed in some
places along the watercourses. They contain
laterite pebbles, together withh fragments of
Permian and Archaean rocks, and are loosely
cemented by ferruginous clay. These beds repre-
sent lithified river alluvium.

Permian Succession
Nangetty Formaiion

This formation was originally termed the
“Nangetty Glacial Formation” by Clarke ef al
(1951) and has since been amended to its
present title by P. E. Playford and 3. P. Will-
mott (in McWhae ef al. 1958). The type
locality is in the Nangetty Hills in the Irwin
River area, where the formation comprises a
poorly exposed sequence of tillite, boulder beds
(containing many striated and faceted erratics),
sandstones, conglomerates, siltstones and shales,
and attains a thickness of about 1,500 feet.
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The Nangetty Formation crops out in the ex-
treme south-western part of the area studied., As
in the Irwin River area, exposures are poor and
it was not possible to measure a stratigraphic
section or to delineate the relationship with
the overlying Holmwood Shale. The formation
consists of poorly sorted yellow siltstone and
fine-grained silty sandstone, often containing
pebbles, cobbles and boulders of gneiss, quart-
zite, chert and dolerite up to 2% feet in diameter.
These weather out readily as a superficial
gravelly accumulation. The dip of the strata
is indeterminable owing to their massive
nature; however, they appear to be approxi-
mately horizontal.

To the east of the Woolaga Creek area, there
are several prominent patches of erratic
boulders representative of this formation.
Farther south, in the Yandanooka area, the
Nangetty Formation rests unconformably either
on Archaean gneiss or on the Yandanooka
Group of Proterozoic or early Palaeozoic age.
In the Irwin River area, the formation is con-
formable with the overlying Holmwood Shale.

The glacial origin of the Nangetty Formation
was first postulated by Campbell (1910) on the
evidence of the striated boulders, and has been
confirmed by subsequent workers. P. E. Play-
ford and S. P. Willmott (in McWhae et al.
1958) discovered varved shales in the formation
in the Mullewa district, pointing to the fact
that it is at least partly terrestrial.

In the Woolaga Creek area the Nangetty
Formation appears to be unfossiliferous. Else-
where, the only fossils obhtained from the
formation are pollen grains and spores from
the Kockatea Creek bores in the Eradu district.
These suggest a Sakmarian age for at least
part of the Nangetty Formation (McWhae
et al. 1958).

Holmwood Shale.

(1) Stratigraphy.—The Holmwood Shale was
named by Clarke et al. (1951) after Holmwood
pastoral station in the Irwin River area, on
which the farmation has extensive development.
P. E. Playford and S. P. Willmott (in McWhae
et al. 1958) nominated Beckett’s Gully as the
type section. These authors measured a thick-
ness of 1,820 feet in this locality. Included in
their section is the Beckett Member which they
proposed as a unit of limestone beds occurring
630 feet above the base of the Holmwood Shale.
Within the Beckett Member is the biostrati-
eraphically important band containing the
coniatite Metalegoceras jacksoni.

In the distance of 18 miles from the type
section to the Woolaga Creek section, the
Holmwood Shale exhibits little facies variation—
the lithological similarities are marked between
the two localities, although along Woolaga
Creek only the upper part of the formation is
exposed.

The reference section along Woolaga Creek,

commences at (617819) and continu‘es to
(629829). The following is a description of
this section. B
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High Cliff Sandstone (102 feet)
Holmwood Shale (435 feet +):
Unit

11, Siltstone, dark grey weathering pale
grey and brown, clayey; contalns
abundant yellow jaroslte as bands,
small nodular concretions and irregu-
lar masses together with less frequent
layers and concretions of gypsum
whilch is often associated with alunite.
Plates of gypsum (selenite} up to 11
feet in diameter and 3} inch thick

Thlckness
feet

were noted. .. 89
190. Limestone, dark grey Weathering pale

grey, hard, dense. RBouldery outcrop. 1
9, Siltstone, as in unit 11, Sporadic

outcrop ]
8. Limestone, grey Weatherlng pale grey,
hard, dense, thin section showed the
presence  of scattered pyrite, also
rare microfossils including calcareous
spicules, Indeterminate foraminifera
ahd woody plant material with well-
preserved cellular tissue. Bouldery
outcrop
Slltstone, as
poor outcrop.
6. Woolaga Limestone "Member (prOposed
hereln). Llmestone, grey weachering
pale grey, hard, dense; vugs of chal-
cedony and of recrystallized calcite are
common; contains a rich fauna In-
cluding the small goniatites Meta-
legoceras campbelli and Uraloceras
irwinense, together with crinoids,
nautileids, brachlopods, pelecypods,
gastropods, conularilds and serpulids;
the fosslls are often silicified.
Bouldery outcrop 3
5. Stltstone, as In unit 11, Pocr out-
Crop . 10
leestone, grey weathermg pale frrey,
hard, dense; rare mlcroscopic spicu-
lar mateual (as In unit 8) was seen
in thin section, Bouldery outcrop. 3
3. BSiltstone, dark grey weathering pale
grey and brown, clayey, Jarositic,
rarely gypseous, Sporadic poor out-
crop. -
2, leestone, grey Weathermg pale grey,
hard, dense, abundant clear recrystal-
lized calc1te Bouldery outcrop. 1
1. Siltstone, as in unit 3, Spmadlc
poor outcrop. e 157 -
Base of formation not etposed

“in unit 11.  Sporadic

=1

81

80

The Holmwood Shale occurs in the western
part of the Woolaga Creek area. Scattered,
poor exposures are characteristic, and are
limited to breakaway slopes and to the more
deeply incised watercourses. The formation
consists predominantly of grey, clayey siltstone
containing, as secondary minerals, abundant
jarosite and gypsum and some alunite.

As stated by Clarke et al. (1951), the jarosite
and alunite have almost certainly resulted from
the chemical breakdown of pyrite or marcasite
in the original sediment. These authors con-
sidered that the gypsum could have originated
only as a primary precipitate during sedimenta-
tion, and claimed to have found some primary
bands of the mineral. However, a more pro-
bable explanation is that the gysum also is
secondary, and could have resulted from a reac-
tion between pritnary calcium carbonate and
sulphuric acid produced by the oxidation of the
pyrite (or marcasite) in the sediments.

A good outc10p of gypsum, associated with
alunite, is in a small watercomse at (636811),
where the minerals occur as bands and irregu-
lar masses in jarositic Holmwood Shale. Grey,
concretionary limestone is present also at this
locality.



Several large boulders of Precambrian rock
up to 5 feet in diameter, and possibly of glacial
origin, were noted in cultivated country around
(644796).

A striking feature of the Holmwood Shale
is the presence of thin bands of limestone, which
become particularly frequent towards the top.
Some of these may be merely large, irregular
concretions. They outcrop characteristically
as lines of loose boulders consisting of hard,
dense, crystalline limestone, which is grey,
weathering to pale grey. Usually they can be
traced only for a limited distance along the
strike. This fact, together with their general
distribution as shown by field mapping, points
to lenticularity.

The most continuous and significant of these
limestones is a moderately richly fossiliferous
band which can be traced for two and a quar-
ter miles along the strike. Its fauna includes
crinoids, brachiopods, pelecypods, gastropods,
conulariids, nautiloids, serpulids and two small
goniatites Metalegoceras campbelli and Uralo-
ceras irwinense, which, according to Teichert
and Glenister (1952), indicate a Sakmarian age.
Serpulids are particularly abundant in the lime-
stone in the vicinity of (636807). The Woolaga
Limestone Member is the name proposed for
this fossiliferous limestone band, which attains
an approximate thickness of 3 feet, and occurs
181 feet below the top of the Holmwood Shale
at lat. 29° 12’ 8” S., long. 115° 39’ 6" E.

Of the numerous other limestone beds dis-
tributed freely within the upper 280 feet of
the Holmwood Shale two, occurring at (644808)
and (597856), contain rare small gastropods,
pelecypods and crinoid stems, whereas the re-
mainder appear unfossiliferous. In thin sec-
tion, however, these limestones are usually seen
to contain microscopic calcareous spicules which
are not abundant and which cannot be identi-
fied precisely, together with indeterminable
organic matter and rare foraminifera. After
both macroscopic and thin section study of
specimens of limestones (apart from the
Woolaga Limestone Member) throughout the
Holmwood Shale, it was found that only two
lenses were lacking in fossils of some descrip-
tion.

A general paucity, in both individuals and
species, is characteristic, therefore, of the
faunas present in the thin lenticular limestones
of the Holmwood Shale, with the notable
exception of the Woolaga Limestone Member.

Clarke et al. (1951) refer to a ‘“serpulid reef
limestone” found in 1949 by Mr. L. de la Hunty
of the Geological Survey of Western Australia
at a locality four and a half miles south-east
of Mt. Budd. They state that “further surveys
here (by Fairbridge) have proved the extension
of these lenticular outcrops over four miles
along the strike.” This is the first reference in
the literature to the limestone band here
termed the Woolaga Limestone Member. As
mentioned previously, the present author was
able to trace the member for a distance of only
two and a quarter miles.

The limestone was considered by Clarke and
his co-authors to be identical with the lime-
stone exposed at Macaroni Hill in the Irwin
River area. It is doubtful, however, whether a

valid correlation can be made between the
Macaroni Hill occurrence and the Woolaga
Limestone Member. Even if serpulids were a
sound basis for correlation, they are abundant
in reef-like proportions only in one part of the
member (at 636807).

A fossiliferous limestone band was discovered
in the Irwin River area on the 1949 excursion
from the Geology Department of the University
of Western Australia. According to Clarke et al.
(1951), this band occurs about 550 feet below
the top of the Holmwood Shale. It contains a
marine fauna which includes the two small
goniatites Melalegoceras campbelli and Uralo-
ceras irwinense, which are present also in the
Woolaga Limestone Member. Thus, since both
these bands have a markedly similar fauna and
both consist of hard, grey, chalcedonised lime-
stone, it would appear that they can be cor-
related with some certainty.

The Beckett Member in the Irwin River area,
which contains Metalegoceras jacksoni, does not
crop out in the Woolaga Creek area.

As mentioned previously, the stratigraphic
relationship of the Holmwood Shale with the
underlying Nangetty Formation is not evident
in the Woolaga Creek area, but it is probably
a conformable one, as it is farther north, in
the Irwin River area. The lenticular Fossil
Cliff Pormation, conformably overlying the
Holmwood Shale in the Irwin River area, does
not appear to be represented at Woolaga Creek.
Here, the Holmwood Shale is overlain with
aéaparent conformity by the High Cliff Sand-
stone.

McWhae ef al. (1958) quote 1,820 feet as the
thickness of the Holmwood Shale in the Irwin
River area. At Woolaga Creek, the present
author measured a thickness of 435 feet, which
however cannot be compared with the Irwin
River section, since base is not exposed.

(ii) Biostratigraphy —The goniatite species,
Metalegoceras jacksoni, Metalegoceras campbelli
and Uraloceras irwinense, indicate that the
Holmwood Shale is of Sakmarian age (Teichert
and Glenister 1952). Dr. B. P. Glenister
(persona) communication) correlates M. jack-
soni with faunal assemblage 4 (Ruzhencev
1952) of the lower Tastubian in the southern
Urals, and consequently assigns the Beckett
Member to the early part of the Sakmarian
Substage. (Note that according to current
Russian nomenclature, the Sakmarian Substage
represents the upper part of the Sakmarian
Stage proper, as distinct from the lower part
which is termed the Asselian Substage). In a
forthcoming paper on the Permian ammonoids
of Australia, Dr. Glenister will assign Melale-
goceras jacksoni and Metalegoceras campbelli
to the typical Sakmarian genus Juresanites, on
the basis of their primitive sutures.

Four samples of spoil derived from the Holm-
wood Shale were collected, one from each of
four bores (mentioned previously under Physio-
graphy) in the Woolaga Creek area, which
penetrate the upper part of this formation.
These samples were submitted for palynological
examination to Mr. B. E. Balme, who ascribed
a Lower Permian age to their microflora.
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The following information about the samples
is contained in a written communication by Mz,
Balme to the author.

“Sample 39247* yielded no recognisable spores
or pollen grains but fairly diverse and basically
similar microfloras were obtained from the
other three samples (39248, 39249, and 39250).
In none, however, were the plant microfossils
well-preserved and precise identification of the
individual spore and pollen specimens was often
difficult. Poor preservation appears to be a
characteristic of the microfloras from the
Holmwood Shale not only in the Woolaga Creek
area but also in the Irwin River area and in the
Kockatea Creek district to the north of
Mingenew. Probably this is due to the activities
of anaerobic bacteria during the deposition of
the Holmwoeod Shale,

“The following spore and pollen species were
identified in the three productive samples:

Group Triletes

Punctatisporiies
Hennelly.

Acanthotrileles tereteangulatus Balme and
Hennelly.

Acanthotriletes n. sp.

Granulailisporites n. sp. A.

Verrucosisporites pseudoreticulalus
and Hennelly,

Group Zonales
Cirratriradites cf. splendens Balme
Hennelly. -
Cirratriradites spp.
cf. Reinchospora sp.
Group Precolpates
Marsupipollenites sp.

Group Monocolpates
Entylissa ¢f. cymbaius Balme and Hennelly.

Group Saccites
Niuskoisporites sp.
cf. Sahnites sp.
? Sahnites sp.
cf. Illinites sp.
Lueckisporites

nelly.
Lucckisporites amplus Balme and Hennelly.
Lueckisporites multistriatus Balme and
Hennelly.
Pityosporites ? n. sp. A.
Vesligisporites cf. rudis Balme and Hen-
nelly.

“Qcecasional small spinose organisms, prob-
ably hystrichosphaerids, were also present,
suggesting a marine or near-marine environ-
ment.

“Discussion: The Lower Permian age of this
microfloral assemblage is attested by the pre-
sence of Punclalisporites gretensis, Verrucosis-
porites pseudoreticulatus, Entylissa cf. cymbatus,
Vestigisporites cf. rudis, ? Sahnites sp. and the
abundance of species of Cirratriradites. These
forms all characterise the Greta Coal Measures
in New South Wales, the Lower Coal Measures
at Mersey, Tasmania and the Grant Formation
in the PFitzroyv Basin of Western Australia.
Similar microfloras have also been found in

grelensis Balme and

Balme

and

limpidus Balme and Hen-

*Catalogue number in the collections of the Depart-
ment of Geology, University of Western Australia.

sediments from the Lake Phillipson Bore, South
Australia* and in the upper part of the Lyons
Group in the Carnarvon Basin.

“The resemblance is particularly close be-
tween this assemblage and those from the
Grant Formation in the Kimberley Downs 67-
mile Bore and in the B.M.R. No. 3 water bore
in the eastern part of the Fitzroy Basin, It is
heightened by the presence in assemblages
from the Holmwood Shale and the Grant
Formationn of the forms cf. Reinchospora sp.
and cf. Illinites sp., neither of which has been
found in separations from any other strati-
graphical units.”

Dickens (1957) has examined several speci-
mens of the Woolaga Limestone Member, from
which he identified “Sanguinolites” sp. and
“Dielgsma’” sp. ind. He was unable to draw
any conclusions regarding the correlation of
this fauna but he does consider it distinct from
the fauna in the overlying fossiliferous basal
part of the High CIliff Sandstone.

Both Johnson et al. (1954) and particularly
Clarke ef al. (1951) refer to the presence of
“dwarft’ or “restricted” faunas in the limestones
of the upper Holmwood Shale. However, Tasch
(1953) in 4 lengthy paper on faunal dwarfism
justifiably emphasises that before any fauna
may be validly designated as ‘“dwarf” or
“depauperate,” it is necessary to apply exhaus-
tive criteria based on wide, intensive collecting,
detailed descriptions of faunal elements, and
ecological studies.

The statemerits of Clarke and Johnson and
their respective co-authors concerning the sup-
posed faunal dwarfing are not supported by
any such detailed studies and hence may not
he well-founded.

It is true that Metalegoceras campbelli and
Urdaloceras irwinense, with a conch diameter
averaging 10 to 15 mm in diameter, are small,
particularly in comparison with M. jacksoni,
but the associated faunal elements in the
Woolaga Limestone Member appear to be of
normal dimensions. Teichert and Glenister
{1952) renmiarked on the close similarity of
immature stages of M. jacksoni with specimens
of M. campbelli of corresponding diameters, and
were aware of the possibility of M. campbelli
being a stunted, juvenile development of M.
jacksoni due to an unfavourable environment.

However, one of the specimens of M. camp-
belli (39070) collected by the present author
from the Woolaga Limestone Member appears
to negate this possibility, since at a shell
diameter of 6 mm it exhibits a crowding of the
adoral sutures, which is generally accepted as
indicating maturity or geronticism in an
ammonoid (Miller 1947, p. 18).

Two of the other limestones in the Woolaga
Creek area contain small rare specimens of
gastropods, pelecypods and crinoids which may
be dwarfed.

(ii1) Environment of Deposition.—There is
little doubt that the Holmwood Shale accumu-
lated in a marine environment of 1estricted
circulation, Woolnough (1937, 1938) initiated
* Balme, B, E. (1957).—Upper Palaeozoic microfloras in

sediments from the Lake Phillinson Bore, South
Australia. Aust. J. Sci. 20. 61-62.
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the hypothesis that the formation was deposited
in a barred basin, and although some details
of his original theory are debatable, subsequent
authors are in general agreement with the basic
concept advanced.

In the Woolaga Creek and Irwin River areas,
the Holmwood Shale contains abundant jarosite,
together with gypsum and alunite. These three
minerals are almost certainly of secopdary
origin, resulting from the breakdown of primary
pyrite (or marcasite).

In outcrop, always considerahbly weathered,
the Holmwood Shale is pale grey to greyish-black,
and does not generally appear to be carbonaceous.
However, spoil from bores in the area shows it
to be black and appreciably carbonaceous,

Muost black shales are believed to have accumu-
lated under conditions of restricted circulation
(Twenhofel 1950, p. 337). Under such conditions,
iron sulphide is precipitated in the stagnant
waters deoxygenated by the bacterial decay of
organic matter; benthonic life is usually absent.

Thus, on the evidence of its barrenness of
fossils, and its almost certain primary content of
pyrite (or marcasite) and carbonaceous matter,
the Holmwood Shale was deposited in a basin
that did not communicate freely with the sea,
ie. a barred basin.

Woolnough (1937, 1938) maintained that the
absence of fossils in the formation was due to
the high salinity of the basin, resulting from a
contemporary arid climate. According to him,
the presence of Metalegoceras jacksoni (in the
Beckett Member) was due to a single catas-
trophe such as a violent storm breaking over the
bar. Clarke et. al. (1951) considered that the
Holmwood Shale was deposited in a barred basin
under cool climatic conditions, although they
thought it probable that the sea became shal-
lower and warmer in late Holmwood times with
evaporation resulting in the primary precipita-
tion of gypsum.

There is no need to invoke, and there is no
evidence for, the prevalence of a hot arid climate,
particularly when the likelihood is considered of
the gypsum being secondary in origin. While
excessive salinity could account for a restriction
or absence of animal life, so equally could the
toxie, reducing conditions of a harred basin.
Erratic boulders in the Holmwood Shale in the
area under consideration point to deposition by
floating ice and hence to a cool climate.

The Woolaga Limestone Member records a
brief, unique stage in the faunally unfavourable
Holmwood history. It represents a time during
which a normal marine fauna was able to estab-
lish itself in fairly quiet waters or in lime muds
accumulating there. The fossil debris appears
to be biocoenotic because there is little evidence
of abrasion of the fossils and because of the
presence of abundant serpulids. The matrix in
which the fossils are enclosed was probably a
fine, highly calcareous mud, which has, however,
undergone profound diagenetic changes. These
include intrastratal solution (producing vugs),
authigenesis (resulting in reorganization of
primary calcite) and diagenetic metasomatism
(silicification) .

The member was probably deposited under
normal shallow-water, marine conditions. Waves
and currents must have been sufficiently active

to0 cause some penecontemporaneous erosion of
the lime muds (as evidenced by intraformational
pebbles and granules) and the dissociation of the
crinoidal skeletons, and to provide sufiicient
aeration to fulfil the needs of a thriving inverte-
brate fauna. '

The other limestones occurring stratigraphic-
ally above and below the Woolaga Limestone
Member, are far less continuous and appear to
represent similar, but more localized interludes
of lime mud deposition. They were accompanied
by few organisms—viz. sponges, foraminifera,
gastropods, pelecypods and crinoids., Some of
the limestones may be merely large irregular
calcareous concretions. They have not bheen
diagenetically altered to the same extent as the
Woolaga Limestone Member.

The structural framework of the postulated
barred basin, and its precise boundaries and
dimensions, are rather obscure at present. To
the north, the Greenough Block of the
Northampton-Geraldton district, and the Car-
randibby Range at the south-eastern end of
the Carnarvon Basin, are both prominent
occurrences of Archaean rocks. Furthermore,
geophysical work has shown them to be con-
nected by a belt of shallow basement (McWhae
et al., 1958). Hence, the basin was probably
landlocked to the north. The eastern boundary
of the basin was marked by the Archaean com-
plex to the east of the Darling Fault. However,
any theories regarding the western and south-
ern limits of the basin, and its connection to
the open ocean, must be regarded, at this stage.
as purely conjectural,

High Cliff Sandstone

(i) Stratigraphy.—Clarke et al. (1951) pro-
pcsed the name High Cliff Sandstone for an
unfossiliferous sandy seduence, which is well-
exposed at High Cliff (on the North Irwin River),
where the type section is located. According to
P. E. Playford and S. P. Willmott in M¢cWhae
el al. (1958, the formation attains a thickness
of 79 feet at the type locality.

An outstanding characteristic of the High
Cliff Sandstone in the Woolaga Creek area 1is
the presence of an abundant fauna of marine
invertebrates in its basal part. A boulder bed,
discovered in the middle of the formation, is
another feature of interest. The High CIliff
Sandstone is thicker along Woolaga Creek than
in the type area.

The reference section along Woolaga Creek
extends from (629829) to (632832). The follow-
ing is a description of this section.

Irwin River Coal Measures (404 feet)
High Cliff Sandstone (102 feet):

Thickness
feet,
3. Sandstone, quartzose, argillaceous, white
with occasional minor red mottling,; pre-
dominantly medium- and fine-grained,
less commonly coarse-grained; moder~
ately to well-sorted; dquartz grains sub-
rounded; poorly bedded, rarely cross-

Unit.

bedded; Indurated vertical joints
common in variable directions; weathered
surface ferruginized, pale brown in

colour; sporadic bands wup to 6 inches
thick of white, very coarse-gralned, iil-
sorted sandstone and conglomerate; a .
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boulder bed occurs 24 feet above the
base of the unit as a rubbly outcrop of
boulders, cobbles and pebbles of gneiss,
quartzite, pegmatite, chert and silici-
fied breccia, which are enclosed within
a matrix of very coarse-grained sand-
stone; the thickness of this bed is about
5 feet; 58 feet above base of unit is a
normal fault (exposed high on the
north bank of Woolaga Creek at 832831)
of indeterminate but probably not large
displacement; the fault plane is silici-
fled, striking at 137° with an north-
easterly dip of 63°. Outcrop varies from
loose boulders to cliffi exposures .. 71
2. Sandstone, red-brown, ferruginous, feld-
spathic, fine- to medium-grained; fairly
well sorted; sub-rounded to angular
grains; massively bedded; ferruginous
concretions up to 9 inches in diameter;
many boulders fossiliferous, some of
them richly so, containing brachiopods,

pelecypods, gastropods, bryozoans and
corals; fossils Ierruginized Bouldery
outcrop .. 27

1. Sandstone, pale yellowish grey, ﬁne-
grained, silty, micaceous, poorly bedded;
thin band of brown ferrugmous sand-
stone at base of unit . . e 4

Holmwood Shale (435 feet +).

As described above, the fossiliferous ferru-
ginous part of the High CIliff Sandstone crops
out as loose boulders in the reference section
along Woolaga Creek. However, in the eroded
track at (632826), adjacent to the site of the
demolished “Glendevon” homestead, the fos-
siliferous sandstone occurs as six thin, red-
brown, lenticular beds intercalated within the
fine~ to medium-grained white sandstone which
is characteristic of -the bulk of the formation.
This basal part of the High CIliff Sandstone
crops out along the strike only as boulders of
the ferruginous, fossiliferous sandstone on the
western slope of the cuesta—immediately south
of the eroded track and also, farther north,
between the same track and Woolaga Creek. It
is apparent, therefore, that the ferruginous,
fossiliferous sandstone is more resistant to
erosion than the white sandstone with which
it is interbedded. The prominent cuesta prob-
ably owes its form to this resistant basal part
of the High CIliff Sandstone immediately over-
lying the much softer Holmwood Shale, and it
is noteworthy that the fossiliferous lithology
is practically unknown beyond the extent of
this striking landform. At (626833), the most
northerly expression of the cuesta, fossils are
less frequent in the boulders, which are also
less ferruginous than farther south. The
fossiliferous High CIliff Sandstone has been
traced for one and a guarter miles along the
strike,

Elsewhere, at (596864) and at (651806), the
basal part of the formation consists of unfos-
siliferous, white sandstone, although a precise
contact with the Holmwood Shale is not
exposed.

The question arises: is {he fossiliferous,
ferruginous sandstone simply a southerly facies
variant of the richly fossiliferous Fossil CIliff
Formation of the Irwin River area, or may it
be validly assigned to the basal part of the
High CIliff Sandstone?

Fairbridge (1952) considered that this fos-
siliferous sandstone at Woolaga Creek and also
the “Mingenew Beds” (now elevated to forma-

tion status in McWhae el al. 1958), cropping
out on Erregulla Springs property near
Mingenew, were equivalents of the Fossil Clift
Formation. However, Fairbridge does not put
forward any evidence for his correlation.

Johnson et al, (1954), while including the fos-
siliferous sandstone at Woolaga Creek in the
High Cliff Sandstone, were aware of the pos-
sibility that its contained fauna may be eguiva-
lent to that of the Fossil Cliff Formation.

McWhae et al. (1958), without explanation
or discussion, assign the fossiliferous unit in
question to the base of the High Cliff Sand-
stone.

In addition to the fact that the actual fos-
siliferous facies is sandy, it is intercalated with-
in the white sandstone, typical of the High
Cliff Sandstone in both the Woolaga Creek and
Irwin River areas. Thus, an assignment of
the unit in gquestion to the High Cliff Sand-
stone is indicated.

Further, Dickins (1857) believes that the
Woolaga Creek fauna contains forms that
are younger than those from the Fossil Cliff
Formation.

If the equivalent of the Fossil Cliff Forma-
tion is indeed absent from the Wooclaga Creek
area, one might expect to find here a discon-
formity between the Holmwood Shale and the
High CIliff Sandstone, However, the relation-
ship between the two formations appears to be
one of conformity at both exposures of the
contact (629829 and 632826). A significant
point in this connexion is that, in the type
area, the Fossil Cliff facies is rather lenticular
and has lithological similarities with the under-
lving Holmwood Shale, Indeed, Johnson et al.
(1954) rejected the Fossil Clif Formation as
a valid formation, and included it within the
Holmwood Shale. Thus, it could be that the
Fossil Clifft Formation, where present, is simply
a rather large fossiliferous lenticle in the up-
per part of the Holmwood Shale, representative
of a period during which conditions favoured
the establishment of a prolific marine fauna.
Farther south, however, in the Woolaga Creek
area, the contemporary environmenf could have
been unfavourable for abundant life, and as a
result the Fossil Cliff Formation could be repre-
sented here by comparatively barren Holmwood
Shale. Under these circumstances, a conform-
able relationship between the Holmwood Shale
and the High Cliff Sandstone would not be un-
expected.

On the evidence available, therefore, it is
justifiable to include the fossiliferous sand-
stone within the basal part of the High Cliff
Sandstone.

Current opinion (based on the work of Mr.
J. M. Dickins) is that the Mingenew Forma-
tion is the youngest unit in the Permian suc-
cession of the Irwin River area (McWhae et al.
1958). The fauna of the formation is Artins-
kian in age.

A conformable contact between the High Cliff
Sandstone and the overlying Irwin River Coal
Measures is exposed in a small creek in the
reference section at (632832). At this point,
a minor strike fault with east-block-down move-
ment has slightly affected both the basal
Irwin River Coal Measures and the underlying
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High CIliff Sandstone. In three localities
(638819}, (597865) and (613854) the two forma-
tions have been brought into abutment by fault-
ing. At (638819), a prominent ferruginized
fault zone is exposed on the breakaway slope.
On the west side of the fault, medium- and
coarse-grained, white and red sandstones (High
Cliff Sandstone), exhibiting minor cross-bed-
ding, dip at 17° to the north-east, On the
eastern side, sediments of the Irwin River Coal
Measures consisting of pure white, well-bedded
siltstones and fine- to medium-grained sand-
stones have a north-easterly dip of 30° adjacent
to the fault zone; 55 feet farther east their at-
titude has flattened out to a dip of 8° in the
same direction. There was some doubt whe-
ther these latter sediments belonged to the
Irwin River Coal Measures as they look rather
similar to the adjacent Higli Cliff Sandstone,
but the chocolate siltstones underlying them in
gullies below the breakaway are typical Coal
Measures lithology. Thus, this fault, with a
trend of 168° has an east-block-down move-
ment. At (597865), a fault occupies a nar-
rew elongate topographic low between an out-
crop of cross-bedded, white High CIlff Sand-
stone on the northern slope of a small hill,
and a breakaway, immediately north of this
hill, which exposes typical plant-bearing sedi-
ments of the Irwin River Coal Measures on
its western point. On two small adjacent low
rises at the immediate base of this breakaway,
the sandstones, carbonaceous shales and silt-
stones of the Coal Measures show strong evi-
dence of upturning against the'fault with an
average north-north-easterly dip of 40°. The
exposure at (613854) is poor, but appears to
represent another fault contact between the
two formations.

Along the reference section described above,
the measured thickness of the High CIliff Sand-
stone is possibly somewhat lower than the true
thickness on account of the effect of strike
faulting. Thus, the fault at (632831) would
have the effect of lessening the exposed thick-
ness of the formation. However, the figure
given for the section, viz. 102 feet, is less than
half that stated by Johnson ef al. (1954) for
the thickness of the formation at Woolaga
Creek, and the present author finds their figure
(250 feet) dquite untenable.

A water bore, sited at (638821) close to the
top of the High Cliff Sandstone, penetrated
116 feet of this formation before passing into
the Holmwood Shale, and was abandoned at a
depth of 124 feet. Two other unsuccessful
bores for water at (635824) and (654805) passed
through 106 feet and 68 feet respectively of
High CIliff Sandstone before encountering the
Holmwood Shale in which they were abandoned
at respective depths of 108 feet and 80 feet.
As the dip of the High Cliff Sandstone is only
of the order of 6°, the above vertical depths
closely approximate to stratigraphical thick-
nesses.

Apart from the presence of marine fossils in
its basal part and of the boulder bed strati-
graphically higher in the section, the exposures
of the High CIliff Sandstone in the Woolaga
Creek area are lithologically similar to those
of the type area. Characteristically, the forma-
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tion consists of medium-, fine-, and sometimes
coarse-grained white sandstone, which contains
occasional conglomeratic lenses. Cross-bedding
is less a feature of the High Cliff Sandstone at
Woolaga Creek than in the Irwin River area.

(ii) Biostratigraphy —Specimens from the
fossiliferous, basal 30 feet of the High CIliff
Sandstone, collected by the present author and
by parties of senior students from the Depart-
ment of Geology, University of Western Aus-
tralia, were examined recently by Mr. J. M.
Dickins of the Bureau of Mineral Resources,
Canberra.

The results of his studies of the brachiopods,
pelecypods and gastropods—which are the
dominant groups in the fauna—are embodied
in an unpublished report (Dickins 1957).

The following identifications are listed in this
leport:

Brachiopoeda
Lz'nolzazgductus (Cancrinella) cf. lyoni (Prendergast)
Linoproductius (Cancrinella) sp.
Linoproducius (Cancrinella) sp. ind.
Aulosteges c¢f. ingens Hosking 1931.
Aulosteges sp. ind.
“Choncies” sp.
Permorthotietes sp.
“Dielgsma’ sp. nov. A.
“Dielasma’™ sp. nov. B,
“Martiniopsis” sp. A.
Phricidothyris ? sp.
Cleiothyridina sp.
Cleiothyridina sp. ind.
Spiriferidae sp. nov.
Neospirifer sp. nov. A.
Neospirifer sp. nov. A.
Neospirifer sp. nov. B.
Neospirifer sp. ind.
Pelecypoda
Parallelodon sp. nov.
Parallelodon sp, ind.
Astartila ? sp. nov.
Astartila ? sp. ind.
Stutchburia cf. variabilis Dickins, in press.
Stutchburia ? sp. ind.
Atomodesma cf. mytiloides Beyrich 1865.
Schizodus sp.
Oriocrassatella cf. stokesi Etheridge Jnr. 1907.
Sitreblochondria sp. ind.
Streblochondria ? sp.
Aviculopecten ci. tenuicollis (Dana) 1847.
Gastropoda
Bellerophon sp.
Bellerophomn sp. ind.
Baylea ? sp.

?

Dickins notes the distinctiveness of this fauna
from that of the Woolaga Limestone Member
of the Holmwood Shale. Further, he considers
that the High Cliff Sandstone fauna as a whole
is distincet from bhoth the fauna of the Mingenew
Formation and the fauna from Carynginia
Gully, which was assigned recently to the
Ffssgl Clif Formation by Dickins and Thomas
(1957).

Dickins states that the fauna of the High
Cliff Sandstone contains fossils which are
younger than those from the Fossil Cliff Forma-
tion, and concludes that it is probably repre-
sentative of a marine horizon intermediate be-
tween the Callytharra Formation (equivalent
to the Fossil Cliff Formation) and the Made-
line Formation which are both developed in the
Carnarvon Basin.

Thus the High CIliff Sandstone is of Artins-
kian age.

(iii) Environment of Deposition —Factors
which are important when synthesizing the de-



positional environment of the High CIliff Sand-
stone are as follows:—

1. The fossiliferous, basal part of the forma-
tion, though lenticular, indicates a marine en-
vironment during at least early High Clff times.

2. Although sorting may be classed as only
moderate in its lower part, the High Cliff Sand-
stone is in general notably well-sorted. This
degree of size-sorting is suggestive of the rather
prolonged activity of waves and currents as in
a near-shore marine environment. Stetson and
Upson (1937, p. 57) state an average coefficient
of sorting of 145 for well-sorted, near-shore
sediments; and in fact the sorting coefficients
obtained for two typical specimens of High
Cliff Sandstone (39279 and 39280) are remark-
ably close to this value (1.44 and 1.41 respec-
tively).

3. Sediments of similar lithology and strati-
oraphic position occur elsewhere in the
Permian of Western Australia. These forma-
tions, with which the High CIiff Sandstone is
correlated, are the Moogooloo Sandstone of the
Carnarvon Basin and the Poole Sandstone of
the northern part of the Canning Basin. Such
a laterally extensive sequence of well-sorted
quattzose sands could be reasonably ascribed
only to the shallow-water marine conditions of
a stable shelf, It is significant also that
McWhae et ol. (1958) report the presence of
a marine fauna of brachiopods and bryozoans
in the basal part of the Moogooloo Sandstone.

Althougzh inconclusive in themselves, these
factors taken together constitute strong evidence
that the High Cliff Sandstone was deposited in
a shallow-water marine environment.

The presence of allogenic feldspar in the
basal part and its absence higher in the forma-
tion (where quartzose sandstones predominate)
suggests a decrease in relief of the hinterland
conecomitant with the advancement of High CIliff
time.

The ferruginization of the lenticular, fossili-
ferous sandstone is almost certainly an effect
of lateritization. It appears that, in Western
Australia, lime-bearing sediments are particu-
larly susceptible to replacement by iron. P, E.
Playford (1954) has described the pronounced
effect of lateritization on the Newmarracarra
Limestone which occurs in the Geraldton dis-
trict. Similarly, the fossiliferous High CIlift
Sandstone is completely leached of calcium
carbonate, with the fossils represented only by
haematitic moulds and with the matrix of the
rock heavily impregnated with iron. It would
appear that, prior to lateritization, these fossili-
ferous lenticles consisted of calcareous, argil-
laceous sandstone.

Irwin River Coal Measures

(i) Stratigraphy.—The formation name Irwin
River Coal Measures was first proposed by
Clarke et al. (1951) for the succession of
“shales and sandstones with some interbedded
coal seams” resting conformably between the
High Cliff Sandstone and the Carynginia
Formation. The type section is along the North
Irwin River. Subsequently the usage of Clarke
and his co-authors was modified by Johnson
et al. (1954), who encountered difficulties in
separating the Irwin River Coal Measures from

the Caryneginia Formation particularly in the
Woolaga Creek area. Johnson and his co-
authors proposed to combine the two units into
the one formation, which they termed the Irwin
River Coal Measures.

P. E. Playford and S. P. Willmott in McWhae
et al. (1958) reaffirm the validity of the nomen-
clature of Clarke et al. (1951), and record a
thickness of 217 feet for the type section of
the Irwin River Coal Measures.

Although the boundary between the Irwin
River Coal Measures and the Carynginia
PFormation is transitional in the Woolaga Creek
area, the present author considers that the
two units are sufficiently distinctive in this area
to justify their recognition as separate forma-
tions. A satisfactory contact was discovered at
(641832). The author cannot agree with
Johnson et al. (18954, p. 49) that the two units
were deposited in a similar environment.

In the Woolaga Creek area, the Irwin River
Coal Measures are notably less carbonaceous,
and attain a greater thickness than in the type
locality.

The Woolaga Cireek reference section of the
Irwin River Coal Measures commences at
{632832) and continues to (641832). The
following is a description of this section.

Carynginia PFormation (844 feet)
TIrwin River Coal Measures (404 feet):

Unit Thickness
Feet
28. Composite lithological
stone, motiled red,

low, ferruginous,

unit. Sand-
grey and yel-
micaceous, fine- to
medium-grained, friable, moderately
sorted, commencing at 6 feet above
basc of unit are lenticular intercala-
tions of siltstone, grey-black, carbona-
ceous (increasing towards top) and
of siltstone, red and vellow, ferru-
ginous, resistant; an ill-sorted Ilenti-
cular band of conglomerate occurs
20 inches below the top of the unit;
the uppermcst part of the unit ccm-
prises a resistant 4-inch band of ir-
regularly intercalated vellow and
grey, medivum-grained sandstone,
bright red siltstone and black, car-
honaccous, clayey siltstone; weathered
cobbles and boulders occur within
the upper 6 inches of the unit. ... ]
27. No outcrep. .. - 16
26. Interbedded sandstone, pale brown,
fine-grained, and siltstone, yellow,
purplish-red, brown and chocclate,
ferruginous, jarositic. Rubbly out-
crop. .
25. Sandstone, yellow to brownish-vellow,
micaceous, ferruginous, fine- to
medium-grained, friable, moderately
sorted, poorly bedded, sometimes ¢rcss-
hedded; some relatively resistant hori-
zons of sandstone, hrown, ferrugi-
nous, mMmicaceous; irregular thin in-
tercalations of carbonaceous material
(plant remains), and red-brown, fine-
grained sandstonc and siitstone as
resistant bands up to 2 inches thick;
the upper 10 feet of the unit is
non-carhonaceocus; rounded erratic
boulders up to 23 feet In diameter
occur 3 feet above base and else-
where sporadically in the unit. .. 20
Z4. Rhythmically alternating sequence.
Predominantly siltstone, chocolate,
micaceous carbonaceous, shaly, rich
in plant fossils; intercalated with
more or less regular bands {up to
4 inches thick) of sandstone, yellow-
brown, ferruginous, micaceous, gquarts-
ose, very fine to medium-grained,
friable, poorly sorted, some plant fos-
sils, and sandstone, pale grey, mica~-
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23.
22.

21.

20.
18.

18.
17.

16.

15.

14.

1B,

12.

11.

10.

ceous, quartzose, fine-grained, friable,
well-sorted; unit becomes slightly
less carbonaceous, less silty, and
more ferruginous towards top; promi-
nent joints trending 10° with a west-
erly dip of 80°, and 90° with a south-
erly dip of 80°, ...
Unit 24 and the lower part of unit
25 exhibit large-scale slumping pheno-
mena (Plate 1, 2). This is particu-
larly well shown by the broadly un-
dulating boundary between the two
unigs, Individual beds within the
slumped strata show a high degree
of contortion.

No outcrop. ...
Siltstone, brownish-grey, micaceous,
ferruginous, friable, thin-becdded,
cross-bedded.
Siltstone, black, clayey, ofter highly
carbonaceous, with thin yellowish
sandy ferruginous bands; grading up
into a less carbonaceous, ferruginous
siltstone, brownish-grey with thin
black hbhands, friable; plant fossils;
thin-bedded with cross-bedding on
minor scale.
Sandstone, grey and ycllow, ferrugi-
nous, fine-grained, friakle.
Sandstone, greyish-white, chocolate
and yellowish-brown, silty, micaceous,
ferruginous, very fine grained, friablc,
thin-bedded; intercalated irregularly
with  siltstone, greyish-black  and
chocolate, carbonaceous, micaceous,
friable, plant fossils; brown ferrugi-
nous conecretions (up to 1 inch in
diameter) in upper part; 2i-inch band
of friable, highly weathered, black
coaly material constitutes the upper-
most part of unit; outcrop has white,

salty incrustation. .

No outcrop.
Siltstone, vellow, micaceous, ferru-
ginous, friable, thin-bedded; passing

into claystone, black, recd and white,
carbonaceous, ferruginous, massively
bedded, ferruginous bands resistant
and concretionary. ...
Claystone, red and white, very
soft, massively bedded, containing
plant fossils, with thin lIcnscs of
black, carbonaceous siltstone.
Sandstone, white, qguartzose, coarse-
grained, {friable, moderately sorted,
sub-angular grains, cross-bedded; con-
tains small, irregularly shaped frag-
ments of grey siltstone. .
Claystone, grey, red and white, car-
bonaceous, ferruginous, friable, mas-
sively bedded, rich in plant fossils. ...
Siltstone, alternating cholocate-grey
aird yellow~brown, shaly, carbona-
ceous and ferruginous, thin-beddeq,
containing plant fossils,
Sandstone. greyish-white, micaceous,
fine-grained, friable, moderately sorted,
cross-bedded.
Shale, chocolate-grey, micaceous, car-
bonaceous, thin-bedded, containing
plant fossils; thin intercalated bands

of siltstone, yellow, red and brown,
ferruginous, resistant, rich in plar}t
fossils; 4 feet above base of unit is
a 4-inch hand of sandstonc, white,
feldspathic, coarse-grained, poorly
sorted, massively bedded, angular
grains.
Sandstone, greyish-white with minor

pale brown mottling, micaceous, fine-
grained, friable, moderately sorted,
poorly bedded; thin (up to 1 inch)
bands of grey siltstone near top of
unit.

Sandstone,
vellow-brown, micaceous,
fine-to very fine-grained, with

greyish-white and pale
ferruginous,
inter-

calated silty horizons, cross-bedded,
friable.
Shale, black, carbonaceous, thin-bed-
ded, rich in plant fossils.
No outcrop. .
Siltstone and sandstone, very fine-

grained, grey, greyish-white and yel-
low, micaceous, friable, thin-to thick-
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bedded, plant fossils in many hori-

zons; rare thin, lenticular, sangdy
bands. ... 61
5, Sandstone, very pale brown, feld-

spathic, coarse- to very coarse-grained,
ill-sorted, angular grains, massively
bedded; uppermost 8 inches of unit
consists of siltstone, purplish-red,
sandy, feldspathic, non-friable, poorly
sorted, ripple-marked with long axes
of ripple-marks trending 35°, forms g

resistant slabby capping to unit. ... 7
4. Sandstone, yellow~brown, ferruginous,

micaceous, very fine-grained, friable,

cross-hedded. 3
3. No outcrop. 60

2. Sandstone, white, weathering pale
brown, dguartzose, medium- to fine-
grained, friable, moderately sorted,
sub-roundcd grains, massively bedded,
locally cross-bedded; minor thin
(3-inch) bands of coarse sandstone. 37

1. Siltstone, greyish-black, carbonaceous,

friable, thin-bedded, containing
abundant plant fcssils; thin inter-
calations of siltstone, yellow and
brown, ferruginous, weathering to

small thin slabs, and of sandstone,

pale yellow and brown, medium- to
coarse-grained, quartzose, Iriable,
poorly sorted, often lenticular; at

base of unit is a thin (3-inch) band
of siltstone, reddish-brown, ferru-
ginous, resistant, bearing plant fossils. 17

High CIliff Sandstone (102 feet).

The Irwin River Coal Measures in the Woolaga
Creek area comprise a remarkably varied
sequence of interbedded very fine to coarse-
grained sandstones, siltstones and claystones
containing plant fossils at many horizons. The
sandstones are generally ill-sorted, frequently
cross-bedded, occasionally ripple-marked, and
are white, yellow, grey and red in colour. The
siitstones and claystones are sometimes shaly,
frequently micaceous, ferruginous and carbon-
aceous, with varying colours of white, grey,
chocolate, yellow, brown, red and black.

Rapid lateral and vertical changes in lithology
characterize the Irwin River Coal Measures,
particularly in the lower part. Excellent ex-
bosures occur along Woolaga Creek and its
tributaries in the general vicinity of (638834).
Also, the formation is well-exposed along the
breakaways at (643820), whereas farther south
outcrops are intermittent and generally poor.
To the north of Waoolaga Creek, good outcrops
cccur on the northerly slopes of the mesa at
(629837), and on breakaways north of Mt. Budd
in the north-western part of the area.

The sequence is decidedly less carbonaceous
than irn the type area, Richly carbonacecus
facies are restricted to two thin beds, each about
1 foot in thickness, which crop out on a sub-
sidiary rise below the breakaway at (643820) ;
and to a thin seam of coaly material (top of
unit 19 of the reference section) in an undercut
cliff exposure at (636835), a prominent bend in
Woolaga Creek.

Plant fossils, mainly leaf impressions, occur
abundantly throughout the formation. Good
plant fossil localities ineclude (634834), (632832),
(629837), (632835), 635835), (636832), (639827),
(643820), (638834) and (596866). The only other
fossils found in the Irwin River Coal Measures
were worm tracks occurring at (627845), where
they form a ramifying network in reddish-brown,
fine-grained sandstone,



The upper Irwin River Coal Measures show
large-scale slumping along Woolaga Creek in the
vieinity of (638834). This occurs in siltstones
and fire-grained sandstoneg (units 24 and 25 of
the reference section). The strata are broadly
folded with resultant marked variations in strike
(Plate 1, 2) and merge upwards into undeformed
strata. Furthermore, there is extreme contortion
of the laminae within individual beds of the
slumped strata. Hence we have penecontempor-
aneous soft-sedima=nt folding on both large and
small scale,

Erratic boulders of gneiss, granite and quartz-
ite occur in the upper Irwin River Coal Measures.
These erratics are found on the east bank of
Woolaga Creek at (639834) in unit 25 of the
reference section. They are as much as 2% feet
in diameter and are not associated with boulder
clay. Fairbridge (1952) noted the presence of
“dumped” erratics in the Irwin River Coal
Measures and concluded that they had been
deposited’ from floating vegetation rather than
from floating ice.

Ferruginous concretions occur in white silt-
stone and fine-grained sandstone in a creek at
(621843). These sub-spherical bodies average
3 inches in diameter, and are composed of yellow-
brown iron oxide, with a central core of finely
oolitic jarosite and minor gypsum. They appear
to be a product of weathering, resulting from the
chemical decomposition of concretionary pyrite
or marcasite.

Strike faults having small throws are fairly
common. The most important are those, already
described, which have thrown the High Clff
sandstone against the Coal Measures. Rather
poorly exposed, lateritized siltstones of the
Inwin River Coal Measures are deformed into
a drag syncline within a distance of one quarter
of a mile adjacent to the Darling Fault. This
structure occurs in the south-eastern part of
the area and is displayed exceptionally well by
the air photographs.

The contact between the Irwin River Coal
Measures and the underlying High Cliff Sand-
stone is conformable in the reference section.
In two localities (641832) and (595873), the
Irwin River Coal Measures are overlain transi-
tionally and conformably by the Carynginia
Formation.

The Irwin River Coal Measures attain a
thickness of 404 feet in the Woolaga Creek
area. This is almost twice the thickness of the
formation in its type area.

(ii) Biostratigraphy.—The plant fossils of
the Irwin River Coal Measures are typical
representatives of the Permian Gondwana flora.
Glossopteris is the most abundant genus, and
other genera identified by the author include
Sphenopteris, Sphenophyllum, Bothrodendron,
Phyllotheca and Gangamopteris. All of these
genera have been recorded from the type area
of the Irwin River Coal Measures (Clarke et al.
1951).

Palynological studies reported by McWhae
et al. (1958) on the rich microflora present in
the formation suggest an Artinskian age. These
authors correlate the Irwin River Coal Measures
with the Collie Formation of the Collie and
Muja Basins.

(iii) Enviromment of Deposition.—The Irwin
River Coal Measures are considered to repre-
sent a composite fluviatile and paludal deposit,
which possibly accumulated as the topset com-
ponent of a delta.

This mode of origin is suggested by the
following attributes of the formation:—The
remarkably rapid alternation of rock types and
their individual lateral impersistence has al-
ready been discussed; this feature is charac-
teristic of fluvial sediments. The abundance of
plant material throughout and the absence of
marine fossils is strong evidence for a con-
tinental environment of deposition. Added
confirmation of this is found in the fact that
the plant fossils are mainly well-preserved
leaves, which obviously could not have survived
much transportation and must therefore have
been deposited close to their habitat, The
large-scale cross-bedding and ripple-marking
developed by the Irwin River Coal Measures
are further characteristic of fluviatile deposits.
Worm tracks present in the formation point
to shallow-water conditions.

The typical yellow, brown and red colours of
some of the strata are due to their content of
trivalent iron compounds., A significant point
in this connexion is that bore samples of the
Irwin River Coal Measures are generally grey
o' black, and sometimes contain pyrite
(Johnson ef al. 1954, pp. 94-100). This suggests
that the bright colours of the sediments in out-
crop have probably resulted mainly from
weathering processes. With abundant organic
matterr present in the depositional environment
1t is probable that conditions would have been
favourable for the precipitation of iron sul-
phide, particularly in swamps on the flood
plain. Furthermore, primary pyrite {(or mar-
casite), when subjected to weathering, would
readily decompose to form ferric compounds.
Thus, although no marcasite or pyrite were
found in outcrop, many of the sediments con-
taining abundant plant impressions are also
rich in ferric compounds. Some ferruginous
concretions present in the formation appear to
be pseudomorphous after pyrite or marcasite.
On the other hand, some of the iron could have
been deposited primarily as ferric hydroxide
(limonite) and iron carbonate, together with
the iron sulphide, under paludal conditions. It
should also be mentioned that the red-brown
colour of sediments lying close to the Victoria
Plateau level may usually be attributed to the
effects of lateritization.

The prevailing easterly dip is due to subse-
quent tectonism and is not a primary feature
of the Coal Measures sediments, which must
have been almost horizontal when deposited.
Hence if the environment was deltaic, as is
indicated, the sediments could only represent
topset heds within this environment.

The upper part of the Irwin River Coal
Measures has smaller scale cross-bedding and
greater lateral and vertical persistence of
strata, which are of somewhat finer grain.
This seems to suggest a transition to shallow-
marine or lagoonal conditions in late Coal
Measures time. The interesting but problemati-
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¢al erratic boulders in the formation may have
been deposited from either floating ice or float-
ing vegetation.

The generally well stratified nature of the
formation and its well-sorted sandy inter-
calations suggest that most of the sediment has
been transported some considerable distance
and distributed in successive layers over the
delta. The rarity of conglomerate, or even
conglomeratic sandstone, also indicates a
distant source for the sediments, while the
presence of fresh feldspar in the sandstones
is evidence of fairly rapid erosion in the source
area.

Carynginia Formation.

(i) Stratigraphy.—Clarke et al. (1951) origin-
ally termed this formation the “Carynginia
Shale.” However, as there is little shale in the
unit, P, E. Playford and S. P. Willmott (in
McWhae et al. 1958) have altered the name to
Carynginia Formation. According to Clarke
and his co-authors, the Carynginia Formation
attains a thickness of 800 feet in the type
locality, which is situated in Carynginia Gully,
a tributary of the North Irwin River.

The Carynginia Formation appears to be
more sandy and better exposed at Woolaga
Creek than in the Irwin River area. It is
interesting to note that, in both areas, erratic
boulders occur in the basal part of the forma-
tion. The Carynginia Formation is somewhat
thicker in the Woolaga Creek area than in the
type area. Lithologically, the wunit often
resembles the Holmwood Shale.

The reference section in the Woolaga Creek
ares extends from (641832) to Red Hill
(647838). The following is a description of this
section,

Wagina Sandstone (796 feet )
Carynginia Formation (844 feet) :
Unit
7. Siltstone, chocolate-black weathering
pale grey, jarositic, micaceous, clayey,

thin-bedded; bands (up to 1 foot
thick) of sandstone, white and grey,

Thickness
Feet

medium-grained, silty, fairly well
sorted, rounded grains; thin inter-
calations of siltstone, yellow-brown,
ferruginous, resistant. 84
6. No outcrop. ... s . 123

5. Composite lithological sequence, with
small-scale slumping In lower part
Interbedded siltstone, grey and choco-
late-black, weathering pale grey, Jaro-
sitic, micaceous, shaly, thinly to
massively bedded; fine- to very fine-
erained sandstone and siltstone, grey,
yellow and red-brown, ferruginous,
micaceous, friable and non-friable,
iocally cross-bedded, often fissile; where
richly ferruginous, the sandstones and
siltstones are very resistant to weather-
jing and stand out as projecting
ledges. Commencing 53 feet above
hase of unit are thin (9-inch), freely
intercalated, often lenticular bands of
sandstone, white, feldspathic, coarse-
grained to conglomeratic, non-friablc
fo friable, fairly well sorted, sub-
rounded grains, massively be<_:1d_ed,
often brcadly ripple-marked. Striking
differential compaction effects 'are
seen with sandstone and associated
siltstone. Seventy feet above bhase of
unit is a prominent 3-inch band of
ferruginous siltstone bearing worm
tracks and osciliation ripple-marks;

black
yellow,
and siltstones;
at. the base.

mesa at (6238562),
Mingenew-Morawa
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brown,

’ red, feldspathic,

grey,

the ripple-marks have a wave length
of 9 inches, amplitude of i-inch, and
trend 10°. -

Siitstone, grey, chocolate-black and
jarositic, micaceous, clayey,
frigble, thin-bedded; minor thin in-
tercalations of siltstone, red-brown,
ferruginous, micaceous, resistant,
weathering to small thin slabs; rare
ienticular bands (up to 2 feet thick)
of sandstone, pale brown and yellow,
slightly ferruginous, medium- to
coarse-grained, moderately sorted,
rounded grains, massively bedded.
Sporadic outcrop. . et

Sandstone, brown, pale grey and
silty, fine- to very

weli-sorted, sub-
rounded grains, massiveiy bedded;
freely and Irregularly intercaiated
with siltstone, chocolate-black weather-
ing grey, Jjarositic, carbonaceous con-
taining thin lenses of siltstone, red,
ferruginous, resistant. Unit more
more sandy in upper part.

Shale, chocolate-black, weathering
richly Jarositic, carbonaceous,
micaceous, silty, thin-bedded (0.5
cm,); with intercalated regular bands
{(up to 1} inches thick) of siltstone,
bright red and yellow-brown, ferru-
ginous, resistant, composing about
one-tenth of unit; also minor lenses
of sandstone, red and yellow, ferru-
ginous, medium- to coarse-grained,
friable, poorly sorted, insignificant in
upper part of unit.

Interbedded bands and

coarse- grained,

lenses of

) siltstone, chocolate-black, richly jaro-

sitic, carbonaceous, micaceous, clayey,
greasy feei, pungent odour when
freshly cut, massively bedded; and
sandstone, yellow-brown, ferruginous,
medium- to fine-grained, friable,
moderately sorted, massively bedded,
less resistant than the siltstone. In
upper part of unit is a lenticular
band (with maximum thickness of
2 feet) of sandstone, mottled white,
red and vyellow, ferruginous, coarse-
grained, friable, poorly sorted, mas-
sively bedded. Pebbles, cobbles and
boulders of gneiss, granite and doler-
ite, often highly weathered, and with
maximum diameter of 1.2 feet, occur
in lower 4 feet of unit. “Dumping”
is suggested by the fact that the bed-
ding of the enclosing sediments
curves below the boulders.

Irwin River Coal Measures (404 feet).

In the Woolaga Creek area, the Carynginia
Formation consists predominantly of grey and
interbedded
reddish-brown and white sandstones
“dumped” erratic boulders oc-
The jarositic siltstones are
carbonaceous in the lower part of the formation
in places
gypsum.

jarositic siltstones with

contain minor

Carynginia Formation is

tributaries

road, is

.

168

427

28

amounts
Ripple-marking and rather small-
scale cross-bedding are fairly common in the
unit.

extensively
developed and generally well exposed in the
area under consideration.
particularly fine exposures
adjacent tributaries of upper Woolaga Creek
in the south-eastern part of the area.
where these two
Creek (at 655821), the west bank of the latter
constitutes an impressive cliff section extend-
ing almost continuously along the strike for
three-eighths of a mile. The narrow elongated
immediately north of the
composed

There are some
along two large

Also,
enter Woolaga



Carynginia PFormation. An excellent exposure
of the typical greyish-black, richly jarositic

silistones of the formation occurs on the
northern point of this hill. The deep erosion
gullies in the vicinity of (638835) provide

numerous fresh exposures of the formation.
The reference section, described above, com-
prises the most nearly complete exposure of
the Carynginia Formation in the area.

In the south-eastern part of the Woolaga
Creek area, the strike of the sediments is de-
flected through a maximum angle of 145°
within one half a mile marginal to the Darling
Fault, so that here the Carynginia Formation
abuts against the Precambrian complex.

Contrasting with its transitional relationship
with the underlying Irwin River Coal Measures,
the Carynginia Formation is overlain abruptly,
but conformably, by the Wagina Sandstone,
Indeed, the contact bhetween the Carynginia
Formation and the Wagina Sandstone is the
most readily mappable geological boundary in
the area. It is well-exposed near the top of
Red Hill (Plate 1, 3) and at several points along
a breakaway immediately to the north. The
trend of the contact at these localities is 158°
However, in the south-eastern part of the area
the same contact is markedly deflected in con-
formity with the change in strike of the sedi-
ments noted above. Thus the trend of the
Wagma Sandstone-Carvnginia Formation boun-
dary is 43° along the southern escarpment at
(661832), adjacent to the Darling Fault.

The thickness of the Carynginia Pormation
is 844 feet in the Woolaga Creek reference
section, which is 44 feet greater than the type
thickness in the Inrwin River area.

(ii) Biostraligraphy.—The Carynginia Forma-
tion is practically unfossiliferous. Worm tracks
are sometimes present in the strata, and a
single indeterminable cast of a pelecypod
(specimen 39303) was found in greyish-white,
sandy siltstone cropping out at (653823).

The Permian age of the Carynginia Forma-
tion is unguestionable by virtue of its strati-
graphical position between the Irwin River Coal
Measures and the Wagina Sandstone, both of
which contain diagnostic Permian plant fossils.
McWhae et al. (1958) ascribe an Artinskian age
to the Carynginia Formation without present-
ing any conclusive biostratigraphical evidence.

(iii) Environment of Deposition.—The simi-
larity between the Carynginia Formation and
the Holmwood Shale indicates a similar en-
vironment of deposition for the two formations.

The Carynginia Pormiation contains abund-
ant jarosite and rare gypsum and is car-
bonaceous, particularly in the basal part. All
these features, as with the Holmwood Shale.

uggest that the formation accumulated under

condltlons of restricted circulation, i.e., within
a barred basin.
The depositional environment was almost

certainly marine. This is indicated by the
presence of hystrichosphaerids (McWhae et al.
1958) and of a single pelecypod, discovered by
the present author. The relatively uniform
lithology of the Carynginia Formation and its
marked resemblance to the marine Holmwood
Shale also suggest marine conditions.

The erratic boulders in the basal part of
the formation pose the familiar problem as to
whether they have been deposited by floating
vegetation or by icebergs. The occurrence of
boulders in a similar stratigraphical position
inn the Woolaga Creek and Irwin River sections
suggests that they have been dumped from ice-
bergs during a brief recurrence of glacial con-
ditions in early Carynginia time.

The Carynginia Formation contains inter-
bedded sandstones, which are unknown in the
Holmwood Shale. The sandstones are cross-
bedded, ripple-marked, generally well-sorted,
often feldspathic, and locally contain worm
tracks, Collectively, these factors suggest the
activity of waves and currents in a shallow-
water sea, into which both fine and subordinate
coarse sediment were being deposited.

It would seem that the “bar’” responsible for
the euxinic conditions within the basin was not
as effective as in Holmwood times.

Waginag Sandstone

(iy Stratigraphy.—The name Wagina Sand-
stone was proposed by Clarke et al. (1951) for
the sequence of white and red sandstones over-
lying the Carynginia Formation. These authors
measured a maximum thickness of 300 feet in
the type section, which is located on the south
branch of the Irwin River, near Wagina Well.

The Wagina Sandstone is much thicker in
the Woolaga Creek area than in the type area.
The upper limit of the formation is unknown
as it is everywhere truncated by the Darling
Fault, or by the Victoria Plateau surface.

Plant fossils are found profusely in the
Wagina Sandstone, at a single locality in the
Woolaga Creek area (Plate 1, 4). Apart from
this occurrence, which is described below in
the reference section, the formation appears
to be unfossiliferous. PFarther north, in the
Irwin River area, exceptionally well preserved
plant fossils are recorded from another isolated
horizon in the otherwise unfossiliferous Wagina
Sandstone (Clarke et al. 1951, p. 67).

The reference section in the Woolaga Creek
area commences at Red Hill (647838) and
extends eastward to the axis of the drag
syncline (654845) adjacent to the Darling
Fault. The following is a description of this
section.

Wagina Sandstone (796 feet -+):
Unit Thickness
Feet

5. No outcrop. White sandy soil. . 202

4. Sandstone, mottled purple and white,
ferruginous, very fine-grained, non-
friable, massively bedded (basal 9
inches); succeeded by sandstone, red
with minor white banding, ferru-
ginous, quartzose, medium-to coarse-
erained, non-friable, moderately well
sorted, sub-rounded gralns massxvely
bedded. 12

3. Rapidiy alternatmg sequence Sand-
stone, white with minor yellow band-
ing, argillaceous, quartzose, coarse-
grained, sometimes conglomeratic,
poorly sorted, sub-ansular grains, mas-
sively bedded; occurs in bands and
lenses ranging from 1-inch to 2 feet,
but averaging 6 inches In thickness.
Siitstone and shale, mainly chocolate,
also grey and black, carbonaceous,
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jarositic, micaceous, thin- to thick-
bedded, plant fossils abundant; oc-
curs in bands ranging from i-inch
to 6 feet in thickness, commonly 13
fcet thick. Minor thin intercala-
tions of shale, yellow-brown, ferru-
ginous, jarositic, thin-bedded, resist-
ant, rich in plant fossils. Twelve
feet above base of unit is 1l}-foot
band of conglomerate, white, sandy,
ill-sorted, containing pebbles of
gneiss and quartzite; a similar con-
glomeratic band, 2 feet thick, occurs
33 feet above base of unit. ... 56

2, Sandstone, white, with occasional
minor red mottling, guartzose,
claycy, dominantly fine-grained, also
medium-grained, non-friable, gener-
ally well-sorted, sub-rounded to
rounded grains, massively bedded, oc-
casionally cross-bedded on small scale
in restricted bands, sometimes irregu-
larly jointed; minor lenses (up to 9
inches thick) of sandstone, white,
silty, coarse-grained, poorly sorted;
rare thin bands of siltstone, white,

clayey, micaceous, bedded. .. 522
1. Sandstone, red. ferruginous, silty,
fine- to medium-grained, non-friable,
moderately sorted, sub-rounded grains,
massively bedded. ... 4
Carynginia Formation (844 feet).
The Wagina Sandstone is a rather
monotonous sequence of massively hbedded,

white and occasionally red sandstone and rare
cong}omerate, with plant-bearing intercalations
of siltstone and shale near the top.

In. the north-eastern part of the area, the
Wagina Sandstone crops out extensively on the
breakaway slopes, which appear conspicuously
white even when viewed from some distance.
Also, the formation is well-exposed immedi-
ately north of the Mingenew-Morawa road for
some distance along Ebano Creek, to the east
of Ebano Spring. The ecountry underlain by
the Wagina Sandstone has a characteristic
white sandy soil.

The Wagina Sandstone rests conformably
upon the Carynginia Formation. Although the
contact between the Wagina Sandstone and
the Archaean rocks is not exposed, it can gen-
el.'ally be established with precision from the
air photographs (see General Geology).

The Wagina Sandstone attains a thickness
of 796 feet along the Woolaga Creek reference
section, in contrast to the type section in the
Irwin River area which is only 300 feet thick.

(ii) Biostratigraphy.—The only fossils dis-
covered in the Wagina Sandstone in the area
under consideration were plant impressions
from unit 3 of the reference section (see Plate
1, 4). These include Glossopteris, Gangamop-
teris, and Vertebraria, all of which are charac-
teristic genera of the Gondwana flora, and
hence indicate a Permian age for the formation.

McWhae ef al. (1958) believe that the
Wagina Sandstone is of Artinskian age.

(iii) Environment of Deposition.—The abrupt
change from the jarositic siltstones of the
marine Carynginia Formation to the argil-
laceous quartz sandstones of the Wagina
Sandstone suggests a radical change in condi-
tions of sedimentation. Furthermore, the
relatively uniform lithology of the Wagina
Sandstone is evidence that these new conditions

persisted practically unchanged throughout the
remainder of the documented Permian in the
Woolaga Creek area.

The present author is in agreement with
P. E. Playford and S. P. Willmott (in McWhae
et al. 1958) that the environment of deposition
was prokably continental. However, the
evidence for this is by no means conclusive.

The intercalations of plant-bearing siltstone
and shale near the top of the exposed Wagina
Sandstone point to continental deposition, but
the remaining bulk of the formation, consist-
ing of unfossiliferous, massive, white sandstone

offers little corroborative evidence for either
a marine or a non-marine environment. How-
ever, the general lack of fossils in such a

sequence does sugeest that it is continental
rather than marine. Active reworking of the
sediment in a stable environment of low relief
is indicated by the well-sorted nature of the
sandstone and its lack of feldspathic constitu-
ents.

Structure

The Permian sediments of the Woolaga Creek
area are on the down-thrown, western side of
the meridional Darling Fault, which is the
major controlling structural feature of the
area. The strata have a gentle easterly tilt and
are deformed against the Archaean rocks along
the Darling Fault. Proceeding eastwards, then,
we encounter rocks progressively higher in- the
Permian succession, from the Nangetty Forma-
tion in the extreme south-western part of the
area to, ultimately, the Wagina Sandstone
adjacent to the fault line in the north-eastern
portion.

The dip of the sediments increases eastward
toward the Darling Fault, where the down-
throw movement has been greatest. Thus, the
dip in the Holmwood Shale, in the western part
of the area, is generally about 4° to the east,
whereas farther east an easterly dip of 10° is
usual in the Irwin River Coal Measures. At
Red Hill, the contact between the Carynginia
Formation and the Wagina Sandstone dips east
at 12°. The easterly dip in the Wagina Sand-
stone one quarter of a mile west of the Darling
Fault is 18° (see Plate 1, 4.)

_Synclinal drag effects cause westerly dips in
strata close to the Darling Fault. At (649857),
the westerly dip of the Wagina Sandstone
decreases (from east to west) from 60° to 1%°
in a distance of 20 yards. This outcrop is on
the south bank of Ebano Creek, 300 yvards west
of the Darling Fault line.

In the eastern part of the area, the forma-
tions are bent against the Darling Fault, so
that, to the south, they effectively enclose the
marginal syncline. Hence the syncline is
plunging north, and at a fairly low angle. Thus,
the Wagina Sandstone (in the north), the
Carynginia Formation and, finally, the Irwin
River Coal Measures (in the south) are found
successively along the Darling Fault line in
abutment with the Archaean rocks. Field
mapping shows that the prominent boundary
between the Carynginia Formation and the
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Wagina Sandstone is deflected through 145°
within a distance of one half a mile marginal
to the Darling Fault.

An excellent exposure of the marginal drag
effect is seen in breakaways in the general
vicinity of (652844), south of the Mingenew-
Morawa road. Here, the elongate, curving
shapes of the hills reproduce faithfully the
western limb of the syncline and its southerly
closure, and the trends are illustrated strikingly
by the air photographs.

A small isolated basin, truncated abruptly on
its eastern margin by the Darling Fault, is
developed in lateritized strata of the Irwin
River Coal Measures. This structure, which
is also very well delineated on the air photo-
graphs, has a meridional extent of three-
eighths of a mile and is one-eighth of a mile
wide. It is more precisely described as a
doubly plunging syncline (Billings 1954, p.
49), and its restricted form  has evidently re-
sulted from a local change in the general
northerly plunge of the synclinal axis adjacent
to the Darling Fault.

From Plate IV in Johnson et al. (1954) it
appears that the synclinal axis wundergoes
repeated and somewhat irregular reversals of
plunge to the north of the Woolaga Creek area,
with the Wagina Sandstone or immediately
underlying formations thrown against the
Archaean rocks.

Away from the Darling Fault, the strike of
the sediments throughout most of the area
averages 145°, although in the general vicinity
of Mt. Budd, the prevailing strike is about 110°.

The Darling Fault has a uniform trend of
155° in the Woolaga Creek area. The factors
responsible for the clarity with which this
major structure is visible on the air photo-
graphs, have been discussed previously under
General Geology. The almost perfectly linear
trace of the fault, virtually independent of
topography, indicates a vertical or near-vertical
dip. As viewed from the air photographs, the
Darling Fault appears to have a very steep
westerly dip at two localities (666827) and
(676806), However, at (673813), the dip appears
to be steeply to the east.

The throw of the Darling Fault can be esti-
mated only within very broad limits. It must
be not less than the total thickness of the
Permian strata, and would seem to he very
much greater when the immense thickness of
the Yandanooka Group is taken into considera-
tion.

The last movement on the Darling Fault in
the Woolaga Creek area was post-Permian, pre-
lateritization, and probably pre-Jurassic. Other
active phases of the Darling Fault, however, are
believed to date back to Precambrian times
(Clarke ef al. 1951, p. 69).

The Permian strata have been disturbed by
relatively minor gravity faulting. The faults
have small lateral extent, are usually parallel
to the strike of the sediments, and generally
appeal' to cause only minor displacements. In
most instances, the down-thrown block is to the

east. That is, the faults are generally anti-
thetic with respect to the Darling Fault, and
consequently result in loss of stratieraphic:
section. They are recognizable in the field
commonly as narrow, often ferruginized or
silicified zones of relatively steeply dipping
strata.

A good example, previously described, occurs.
in unit 3 of the High CIliff Sandstone.

At (646873) in the north-eastern part of the:
area, the Wagina Sandstone is fractured by a
fault adjacent and parallel to the Darling Fault.
It is an antithetic, normal fault dipping very
steeply to the east and is well-displayed by the
air photographs.

As noted previously, the contact between the:
High CIliff Sandstone and the Irwin River Coal
Measures is a fault plane in three separate
localities.

A small strike fault of westerly throw is
exposed at (634836) in siltstones and sand-
stones of the Irwin River Coal Measures. The
fault plane stands out as a resistant fer-
ruginized zone dipping to the west at 57°.

There is no evidence of compressive folding
in the Permian strata of the Woolaga Creek
area.

Geological History

Previous palaeogeographic interpretations, in-
cluding those given by Woolnough and
Somerville (1924), Woolnough (1937), Clarke
et al. (1951) and Johnson et al. (1954), have heen
based mainly on the geological record preserved
in the Irwin River area. It will be seen from
the following paragraphs that the geological
histories of the Woolaga Creek and Irwin River
areas are essentially similar, which is logical in
view of the stratigraphic parallelism in the two
areas.

The first recorded event in the geological
history of the Woolaga Creek area was the
deposition of glacial and fluvio-glacial sedi-
ments in a frigid climate characteristic of the
earliest Permian throughout Gondwanaland.
The glacial Nangetty Formation has only minor
representation in the Woolaga Creek area.

The succeeding Holmwood Shale was de-
posited in a marine environment of restricted
circulation, probably in an extensive landlocked
bight separated from the open ocean by a bar
zone. The location of this “bar” is uncertain,
but it may have been to the west or south. The
climate was apparently cold, though not as
extreme as in the earlier Nangetty times, and
occasional erratic boulders in the formation
suggest “dumping” from contemporary icebergs.
The fossiliferous Woolaga Limestone Member
is evidence of an interlude of normal marine
conditions in the basin, and suggests a period
of ineffectiveness of the barrier. Other lime-
stone beds containing rare fossils represent
scattered localities over the basin floor of lime-
mud deposition associated with somewhat
restricted animal communities.
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Thus the Sakmarian Stage in the area was
characterized by conditions generally un-
favourable for animal life, due initially to a
frigid climate and later to a euxinic deposi-
tional environment.

In early Artinskian time, the Woolaga Creek
area possibly underwent some emergence, and
the High Cliff Sandstone accumulated under
shallow-water marine conditions of normal cir-
culation. A prolific fauna of marine inverte-
brates thrived in early High Clff time. The
boulders in the middle of the formation may
have been deposited from floating ice.

A recession of the sea from the area con-
cluded this shallow-marine interlude, and the
Irwin River Coal Measures were next laid down
under fluvial and swampy conditions, perhaps
as the topset beds of an extensive delta. The
land was vegetated by typical representatives
of the Glossopteris flora, The erratic boulders,
which are also present in this formation, may
have been rafted in by either floating vegeta-
tion or icebergs.

The transitional boundary between the Irwin
River Coal Measures and the overlying Caryn-
ginia Formation records a gradual deepening
of the depositional basin and the re-establish-
ment of marine conditions throughout the area.
The Caryvnginia Formation, with its predomin-
ant jarositic siltstones, represents an interest-
ing recurrence of the stagnant barred basin
environment of Holmwood time. However, the
presence of abundant sandy intercalations with
rirple-marking, cross-bedding and worm tracks
attests to somewhat shallower conditions, with
greater influence of waves and currents than
in Holmwood time. A cold prevailing climate
with contemporary floating ice is again sug-
gested by the “dumped” erratics in the basal
part of the Carynginia Formation.

The abrupt change from the Carynginia
Formation to the succeeding mnon-marine
Wagina Sandstone points to a sudden dis-
appearance of the sea from the area and a
return to continental conditions. Plant-bearing
siltstones and shales near the top of the Wagina
Sandstone indicate the existence of the Gilos-
sopteris flora, The Wagina Sandstone may be
Artinskian in age, and represents the final
fragment of palaeogeographic evidence of the
Permian Period in the Woolaga Creek area.

Large-scale, west-block-down movement oc-
curred along the Darling Fault at some stage
following Wagina times, and certainly prior to
lateritization. This resulted in the easterly tilt
of the Permian strata and their marginal
deformation against the Archaean cemplex.
Gravity faulting within the Permian rocks may
have preceded the Darling Fault activity, but
it seems more likely to have occurred during
this important tectonism as relatively minor
adjustments of the sediments.

The area was subsequently eroded and
reduced to a peneplain, probably by early
Tertiary times. Arenaceous continental rocks
were deposited sporadically over this surface
of low relief. The area was then elevated and
the resultant plateau subjected to intensive
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dissection. The cuirass of duricrust with its
associated sand-plain developed during a cli-
mate having the requisite seasonal distribution
of rainfall. This lateritization resulted in
superficial alteration of both the Permian and
Archaean rocks.

Erosion by the existing river system has
continued through the Quaternary to the pre-
sent day with the removal of much of the
Victoria Plateau surface and the consequent
widespread exposure of the underlying Permian
strata.

Acknowledgments

This investigation was undertaken as a
research project at the Department of Geology,
University of Western Australia. The author
wishes to thank his supervisors, Drs. B. F.
Glenister and J. J. E. Glover, for their ready
assistance and advice and for critically reading
the manuscript; also Professor R. T. Prider,
Mr. B. E. Balme, Mr. C. R. Elkington and Mr.
B. W. Logan. Mr, Balme contributed the por-
tion of this paper on the palynology of the
Holmwood Shale; Mr. Elkington assisted with
the measurement of the stratigraphic section.
The author also wishes to thank Mr. P. E.
Playford, of West Australian Petroleum Pty.
Ltd.,, for valuable advice and encouragement.
Mr. J. M. Dickins, of the Bureau of Mineral
Resources, Geology and Geophysics, Canberra,
kindly identified fossils from the Woolaga Creek
area. Special thanks are due to Mr. F. L. Billing
for assistance in the preparation of the photo-
graphs. The research was carried out during
the tenure of a Hackett Scholarship from the
University of Western Australia.

References

Billings, M. P. (1954).—“Structural Geology.”
(Prentice-Hall: New York.)

Campbell, W, D. (1910).—The Irwin River coalfield and

2nd Ed,

the adjacent districts from Arrino to
Northar(r)lpton. Bull. Geol. Surv., W, Aust.
38: 1-108.

Clarke, E. de C., Prendergast, K. L., Teichert, C., and
Fairbridge, R. W. (1951).—Permian succes-
sion and structure in the northern part
of the Irwin Basin, Western Australia.

J. Roy, Soc. W. Aust. 35: 31-84.

Cotton, C A. (1945)—"“Geomorphology.” 4th Ed. (Whit-
combe and Tombs: Christchurch,)

M. (1957).—Permian fossils from Woolaga
Creek, Irwin Valley. Western Australia. Rec.
Bur. Miner. Resour. Aust. 1957/110.

M., and Thomas, G. A. (1957).—Permian
fossils from Carynginia Gully, Irwin River
area, Western Australia. Rec. Bur. Miner.
Resour, Aust. 1957/69.

R. W. (1952).—The Permian of South West-
ern Australia. 19th Int. Geol. Congr., Symp,
Series Gondwana: 136-146.

Johnson, W., de la Hunty, L. E., and Gleeson, J. S.
(1954).—The geology of the Irwin River

Dickins, J.

Dickins, J.

Fairbridge,

and Eradu Districts and surrcunding
country. Bull, Geol. Surv. W. Aust.
108; 1-131.

McWhae, J. R. H., Playford, P. E. Lindner, A. W,

Glenister, B. F., and Balme, B, E, (1958).—

The Stratigraphy of Western Australia.

J. Geol. Soe. Aust. 4: 1-161.

Miller, A. K. (1947) —Tertiary nautiloids of the Ameri-
cas. Mem. Geol. Soc., Amer, 23: 1-114,



P

Playford, P. E. (1954).—Observations on laterite in

Western Awustralia. Aust. J. Sei. 17: 11-14.

Prider, R. T. (1952) —South-west Yilgarnia. Sir D. Maw-

son Anniv. Vol., Univ. Adelaide: 143-151.

Ruzhencev, V. E. (1952) —Biostratigraphy of the Sak-

marian Stage in the Aktyubinsk region of
Kazakhstan, U.8.8.R. Acad. Sci. U.S.S.R.
Proc. Paleont. Inst. 42: 1-87.

Stetson, H. C., and Upson, J. E. (1937).—Bottom de-

Tasch, P.

Teichert,

posits of the Ross Sea. J. Sediment. Petrol.
7: 55-66.
(1953) —Causes and paleoecological signifi-

cance of dwarfed fossil marine invertebrates.
J. Paleont. 27:. 356-444,

C., and Glenister, B. P. (1952)—TLower
Permian ammonoids from the Irwin Basin,
Western Awustralia. J. Pgleont. 26: 12-23.

[y

Thyer, R. F., and Everingham, I. B. (1956).—Gravity
survey of the Perth Basin, Western Aus-
tralia. Bull. Bur. Miner. Resour. Aust. 33:
1-11.

Twenhofel, W. H. (1950).—“Principles of Sedimenta-
tion.” (McGraw-Hill: New York.)

Woolnough, W. G. (1837).——Sedimentation in barred
basins and source rocks of oil. Buli. Amer.
Ass. Petrol. Geol. 21: 1101-1157.

Woolnough, W. G. (1938).—Fact and theory in geology
with special reference to petroleum, salt
and coal. Rep. Aust. Ass. Adv. Sci. 23 54-79,

Woolnough, W. G., and Somerville, J. L. (1924).—A
contribution to the geology of the Irwin
River Valley of Western Australia. J. Roy.
Soec. N.S.W. 58: 67-112.

28



med supdeq oyl 01 4usselpe aullouds BvIp oyl JO quuUI] UIfsem BYJ U0 a1B pub ‘18ea 9}

'R MOIIBU B 1O quiod UISYLIOW 9] UO ‘(6%8169) 18 uoispuseg sBurdem 2yl ur £117e30] (1SS0 JUeBld—
‘auOIsSpuURS BUlSeAy 250dxa (9883) 1y9l 8yl 071 sAemeyealq

suolspurs vurdem jo Surddes ulyl € Aq doj 9yl Iesu UIB[I9AO0 UOIIBULIOL BIUISUAIRD JO $1SISUOCI Yolym

‘weal) BIEIOOM IO NUrQ 1S8M AUl WO ‘(HFEYRELH) 18 SAINSESN [0 I9ATY UWIMIl 8Uj ur Surdwnig—
neae[g

01 Ardesgs Apeanereduwooa Jutddip aie ©1BIIS 2UL

8L

BII010TA 99 IO 90BIINS 91111938 qUwISISal =Yl Aq padded pur afeyg pPoOOMW[OH JO pasodmod ‘ayng oalssardwur us
T HLVI1d

« iR
. e ¥y Fa® Dgnababphdg 3
Jwé?@ﬁaé@%% e, RS
I L e G

s o e

‘9rund B ‘IIH P JO J09dSB UIIUIION—'E

k4

4

‘ppng 1A JO 1oedse UI9IsEa-UIION—'T

29



